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IT  IS  not  known  with  certainty  whether  growth  hormone  acts  via  a 
specific  target  gland,  or  directly  on  peripheral  tissues,  or  both.  The 
response  of  rats  to  injections  of  growth  hormone  preparations  were  mani¬ 
fest  despite  either  gonadectomy  (van  Wagenen,  1928),  adrenalectomy 
(Simpson,  Marx,  Becks,  and  Evans,  1944),  or  thyroidectomy  (Scow  and 
Marx,  1945).  Moreover,  pancreatectomized  cats  (Milman,  DeMoor,  and 
Liikens,  1951),  or  pancreatectomized,  adrenalectomized,  thyroidectomized 
dogs  (Gaebler  and  Robinson,  1942)  maintained  on  insulin  were  able  to 
store  additional  nitrogen  after  the  administration  of  growth  hormone. 

The  recent  success  in  labeling  anterior  pituitary  preparations  with  radio¬ 
active  isotopes  (Sonenberg,  Keston,  and  Money,  1951a  and  1951b;  Sonen- 
berg.  Money,  Keston,  Fitzgerald,  and  Godwin,  1951 ;  Ferrabee,  Johnson, 
Mithoefer,  and  Gardella,  1951;  Cox,  1951;  Sonenberg,  1952;  Sonenberg, 

Received  for  publication  September  3,  1953. 

*  This  project  was  supported  in  part  by  grants-in-aid  from  the  American  Cancer 
Society  upon  recommendation  of  the  Committee  on  Growth  of  the  National  Research 
Council,  and  by  a  grant  from  the  Atomic  Energy  Commission  AT  (30-1)  910. 

*  Presented  in  part  at  the  1952  meeting  of  the  Endocrine  Society  in  Chicago. 
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*  This  work  was  parti}'  carried  out  during  a  tenure  of  a  fellowship  in  Cancer  Research 
of  the  American  Cancer  Society  and  as  a  Damon  Runyon  Senior  Clinical  Research 
Fellow. 
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Keston,  Money,  and  Rawson,  1952),  has  offered  an  opportunity  to  define 
with  greater  precision  the  possible  sites  of  localization  of  labeled  hormone 
preparations  after  administration  to  experimental  animals.  This  report 
presents  the  results  of  studies  with  radioiodine  labeled  growth  hormone 
preparations  under  various  experimental  conditions. 

MATERIAL  AND  METHODS 

A.  Chemical 

The  same  growth  hormone  j)reparation®  (hereafter  referred  to  as  growth  liormone)  was 
used  throughout  this  studj'.  This  preparation  was  labeled  in  different  lots  under  the  same 
stoichiometric  conditions.  (There  was  good  agreement  between  the  various  lots  of  3’ields 
and  resulting  molecular  ratios.)  The  techniques  emploj’ed  in  labeling  growth  hormone  as 
well  as  other  hormone  and  non-hormone  preparations  were  similar  to  those  reported  earli¬ 
er  (Sonenberg,  Keston  and  Monej',  1951a)  except  that  after  iodination  of  the  growth 
hormone,  it  was  necessary  to  dialyse  against  isotonic  saline  which  had  been  made  mini¬ 
mall}'  alkaline  with  a  bicarbonate-carbonate  buffer.  (The  growth  hormone  preparation 
was  insoluble  in  isotonic  saline  alone.) 

B.  Biological 

For  assay  of  growth  hormone  activ'ity,  the  technique  of  body  weight  increase  of 
hypophysectomized  rats  (Marx,  Simpson,  and  Evans,  1942)  was  used.  Ten  female  rats 
that  had  been  hypophysectomized  two  weeks  prior  to  the  assay  were  used  in  each  group 
for  the  determination  of  biological  activity.  Each  animal  was  injected  subcutaneously 
daily  for  14  days  with  50  Mg-  of  labeled  or  unlabeled  growth  hormone  in  1  cc.  of  isotonic 
saline.  A  control  group  of  animals  received  1  cc.  of  isotonic  saline  daily  by  subcutaneous 
injection. 

In  the  localization  studies,  both  male  and  female  Sjjrague-Dawley  and  Wistar  rats 
were  employed.  (In  the  data  reported  only  Sprague-Dawley  animals  were  used.  No  differ¬ 
ences  were  noted  between  these  two  strains.)  The  animals  ranged  in  weight  from  50  to 
350  gm.,  but  for  each  individual  experiment  the  body  weights  were  quite  uniform.  Unless 
otherwise  indicated,  comparisons  have  been  made  only  between  groups  of  animals  of 
comparable  weight.  Approximately  160  animals  received  the  radioactive  growth  hor¬ 
mone  while  I'^'-labeled  control  substances  were  administered  to  apjjroximately  300  ani¬ 
mals.  (For  the  sake  of  brevity,  all  the  experiments  are  not  tabulated  in  this  report.  There 
were  fluctuations  between  experiments,  as  the  reported  data  indicate.  However,  there  was 
sufficient  reproducibility  to  consider  the  reported  data  as  representative.) 

Although  the  majority  of  the  animals  employed  in  the  distribution  studies  were  intact, 
several  experiments  were  conducted  on  rats  that  had  been  hypophysectomized  at  varying 
periods  of  time  prior  to  the  administration  of  the  radioactive  materials. 

Other  animals  were  pretreated  with  one  injection  of  alloxan  (25  mg./kg.  body  weight 
intravenously)  2  to  3  weeks  prior  to  the  administration  of  the  radioactive  preparations. 
Another  group  of  animals  was  pretreated  with  dl-ethionine  (420  mg./kg.  intraperitoneal- 


‘  We  should  like  to  thank  the  Armour  Laboratories  for  making  this  preparation  avail¬ 
able  to  us. 

In  this  preparation  (Armour  22  KR2)  thyrotrophic  activity  was  present  to  the  extent 
of  0.03  to  0.04  unit  per  milligram  (5-10%  of  Armour  2R3).  No  gonadotrophic,  adreno- 
corticotrophic,  prolactin,  or  posterior  i)ituitary  activity  was  found  on  assays  performed 
by  the  Armour  Laboratories. 


December,  l!)5/f 


RADIOACTIVE  GROWTH  HORMONE 


711 


ly  |)(*r  (lay  for  14  days).  At  tlie  time  of  sacrifice  the  i)ancreases  from  tlie  normal,  alloxan- 
ized  and  ethionine-treated  animals  weie  placed  in  Rouin’s  solution  and  fixed  for  histo- 
hjgical  examination.®  (All  animals  that  received  alloxan  were  profoundly  ulycosuric  al¬ 
though  no  attempt  was  made  to  (piantitate  the  extent  of  glycosuria  or  hyi)erglycemia.) 

Radioactivelj'  labeled  j)reparations  (growth  hormone  or  control)  were  injected  intra- 
cardially  unless  otherwise  noted,  into  the  rats  while  they  were  under  ether  anesthesia. 
Each  animal  received  approximately  100  ^g.  of  growth  hormone  containing  25  to  100 
microcuries  of  radioactive  iodine.  The  animals  were  sacrificed  by  exsanguination  from 
the  dorsal  aorta  at  varying  times  after  injection  (3,  10,  30,  100  minutes,  5  and  24  hours). 
Rejnesentative  tissues  were  removed,  weighed  and  placed  in  1  cc.  of  a  0.1  X  NaOH  solu¬ 
tion.  The  tissues  were  digested  for  24  hours  at  80®  C.  The  radioactivity  was  determined 
by  gamma  ray  measurement  in  a  multiple  center  wire  counter  (Marinelli  and  Hill, 
1948),  or  in  a  well-type  scintillation  counter.  Some  tissue  homogenates  were  transferred 
to  steel  cup  planchettes,  dried  under  an  infra-red  lamp  and  the  radioactivity  assayed  with 
an  end  window  Geiger-Mueller  counter. 

EXPERIMEX'i  AL  RESULTS 

Tlie  biological  activity  of  radioiodine  labeled  growth  hormone,  as  meas¬ 
ured  by  an  increase  in  the  weight  of  hypophysectomized  rats,  has  been 
largely  retained  as  shown  in  Figure  1.  This  preparation  was  labeled  with 
an  iodine  to  protein  molecular  ratio  of  3.5  to  1.  To  determine  the  iodine  to 
protein  molecular  ratio,  the  assumption  was  made  that  the  growth  hor¬ 
mone  preparation  represented  a  homogenous  protein  of  molecular  weight 
of  44,000  (Li  and  Moskowitz,  1949).  Other  growth  hormone  preparations 
that  were  similarly  treated  including  dialysis  but  with  omission  of  the 
iodination  step,  showed  no  loss  in  ability  to  promote  weight  gain  in  hy¬ 
pophysectomized  animals. 

After  an  intracardiac  injection  of  radioactive  growth  hormone  to  the 
intact  rat,  radioactivity  could  be  detected  in  most  of  the  tissues  examined 
(Table  1).  Tissues  with  concentrations  of  radioactivity  greater  than  blood 
were  the  pancreas,  adrenal,  liver,  spleen,  kidney,  thyroid  and  thymus.  The 
concentration  of  radioactivity  in  the  pancreas  was  greatest  1  hour  after  an 
intracardiac  injection  (Fig.  2),  following  which  the  radioactivity  fell,  but 
significant  concentrations  still  remained  at  24  hours.  During  the  first  hour, 
the  concentration  of  in  blood  fell  at  a  more  rapid  rate  than  the  concen¬ 
tration  in  the  pancreas.  After  one  hour  there  was  a  slower  loss  of  radio¬ 
activity  from  blood  than  from  pancreas. 

When  P®‘-labeled  inorganic  iodide  was  administered  along  with  un¬ 
labeled  growth  hormone,  the  concentration  of  radioactivity  in  the  pancreas 
and  the  organ/blood  ratio  were  significantly  lower  (0.25  and  0.29  respec¬ 
tively)  than  following  the  injection  of  radioiodinated  growth  hormone  (1.26 
and  0.57  respectively). 

Although  there  was  a  large  absolute  P®‘  concentration  in  the  pancreas 

®  The.se  tissue-s  were  examined  by  Dr.  Stephen  S.  Sternberg,  as.sistant  attending 
pathologist,  Memorial  Center. 
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Fig.  1.  Biological  activity  of  various  growth  hormone  preparations  as  assayed  by  the 
weight  gain  of  hypophysectomized  female  rats.  G.H.  Xo.  8  is  a  radioiodinated  growtli 
hormone  preparation.  G.H.  Treated  is  a  non-radioiodinated  growth  hormone  preparation 
(See  text). 

after  intracardiac  injection  as  compared  to  subcutaneous  administration  of 
radioiodinated  growth  hormone,  the  organ /blood  ratios  of  P®*  concentra¬ 
tions  were  not  significantly  different  (Table  2).  There  were  no  differences 
between  the  sexes  as  to  radioiodine  concentration  in  the  pancreas  after  the 
injection  of  radioactive  growth  hormone  to  intact  rats. 

Hypophysectomy  at  varying  periods  of  time  prior  to  the  administration 
of  radioactive  growth  hormone  did  not  show  conclusive  differences  in  the 
degree  of  localization  of  radioactivity  in  the  pancreas  (Table  3). 

Alloxan  diabetic  rats  demonstrated  no  significant  differences  from  nor¬ 
mal  rats  in  the  localization  of  radioiodine  in  the  pancreas  after  the  adminis¬ 
tration  of  radioiodinated  growth  hormone  (Table  4),  although  pancreases 
from  these  animals  showed  the  characteristic  beta  cell  degeneration.  Ani¬ 
mals  pretreated  with  ethionine  showed  the  characteristic  destruction  of  the 
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Table  1.  Localization  of  radioactivity  at  different  times  after  the  adminis¬ 
tration  OF  A  LABELED  GROWTH  HORMONE  PREPARATION  (G.II.  I'’‘  #1) 


Pancreas 

Adrenal 

Ovary 

Muscle 

Time  in 
minutes 

J131 

Organ 

]131 

Organ 

|I31 

Organ 

J131 

Organ 

cone. 

Blood 

cone. 

Blood 

cone. 

Blood 

cone. 

Blood 

3 

0.84 

0.22 

1.76 

0.47 

1.70 

0.58 

0.26 

0.07 

10 

1.68 

0.53 

3.86 

1.22 

2.83 

0.89 

0.50 

0.16 

60 

2.. 35 

2.4 

0.92 

0.80 

0.85 

0.74 

240 

1.73 

0.18 

1.14 

0.78 

1.00 

0.69 

1.08 

0.74 

1440 

0.29 

0.61 

0.10 

0.21 

0.37 

0.79 

0.22 

0.46 

Time  in 
minutes 

Liver 

Spleen 

Thyroid 

Kidney 

J131 

Organ 

J131 

Organ 

p31 

Organ 

p31 

Organ 

cone. 

Blood 

eonc. 

Blood 

cone. 

Blood 

cone. 

Blood 

3 

4.13 

1.10 

1.77 

0.47 

2.63 

0.70 

13 .67 

3.64 

10 

5.60 

1.77 

2.31 

0.73 

6.97 

2.20 

9.58 

3.03 

60 

1.35 

1.17 

1.24 

1.08 

20.60 

18.00 

4.95 

4.30 

240 

1.73 

1.19 

1.41 

0.97 

149.7 

102.5 

3.75 

2.58 

1440 

0.45 

0.94 

0.40 

0.84 

451.0 

952.0 

0.84 

1.76 

Epiphysis 

Metaphysis 

Thymus 

Fat 

Blood 

Time  in 
minutes 

}13l 

Organ 

J131 

Organ 

1131  Organ 

J131 

Organ 

J131 

cone. 

Blood 

cone. 

Blood 

Blood 

eone. 

Blood 

eone. 

3 

0.84 

0.22 

0.81 

0.22 

0.97  0.26 

0.32 

0.09 

3.77 

10 

1.28 

0.40 

1.31 

0.41 

1.08  0.34 

0.57 

0.18 

3.17 

60 

1.00 

0.87 

0.84 

0.73 

1.58  1.37 

0.64 

0.55 

1.15 

240 

1.16 

0.80 

1.13 

0.77 

2.38  1.64 

0.57 

0.39 

0.89 

1440 

0.40 

0.83 

0.31 

0.65 

0.36  0.76 

0.09 

0,18 

0.48 

1131  concentration  refers  to  the  fraction  of  the  administered  dose  of  radioiodine  which 
localized  per  gram  of  tissue.  The  organ/blood  ratio  is  a  relationship  between  the  concentra¬ 
tion  of  radioiodine  in  tissue  to  the  concentration  in  blood.  Each  recorded  value  represents 
the  average  determination  from  two  or  more  animals. 


Table  2.  The  effect  of  route  of  administration  of  a  labeled  growth  hormone 

PREPARATION  (G.H.  I”'  §\A)  ON  THE  LOCALIZ.\TION  OF  RADIOACTIVITY  IN 
THE  PANCREAS  AT  VARIOUS  TIMES  AFTER  ITS  INJECTION 


Route 

Time 

(hours) 

cone. 

pancreas 

Organ 

Blood 

Subcutaneous 

1 

0.096 

0.307 

3 

0.229 

5 

0.196 

Intracardiac 

1 

0.203 

0.239 

I**'  concentration 

refers  to  the  fraction 

of  the  administered  dose 

of  radioiodine  which 

localized  per  gram  of  tissue.  The  organ/blood  ratio  is  a  relationship  between  the  concentra¬ 
tion  of  radioiodine  in  tissue  to  the  concentration  in  blood.  Each  recorded  value  represents  the 
average  determination  from  two  or  more  animals. 
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TaBI-K  ;i.  KkKKC'T  of  HYl’Ol’HYSKCTOMY  OX  THK  BOt'AMZATION  OF  RA I>IOA<n'lVITY  1\  THK  I’AX- 
CRKAS  1  HOI  R  AFTF.K  THK  ADMINISTRATIOX  OF  A  RADIOIODINATKI)  OROWTH  HORMONK 
PREPARATION  (('r.H.  1”'  //12)  AND  I''"  l-ABEI,EI)  lXOR(!ANI(’  IODIDE  (P="  /i'll) 


Days  after 

1'“'  coni’. 

Organ 

hypophysectomy 

Blood 

G.H.  I'”  #12 

Intact 

2.15 

i.:i2 

2 

2.57 

0.76 

4 

1 .61 

0.47 

6 

1.81 

0.60 

10 

3.64 

1.27 

B.  I'»'  #11 

Intact 

1 .25 

0.48 

2 

0.91 

0.35 

4 

0.87 

0.32 

6 

0.61 

0.26 

8 

0.57 

0.27 

10 

0.74 

0.39 

psi  concentration  refers  to 

the  fraction  of  the  administi 

■red  dose  of  radioiodine  which 

lopulized  per  Knim  of  tissue.  The  organ/blood  ratio  is  a  relationship  between  the  eoneentra- 
tion  of  radioiodine  in  tissue  to  the  eoneentration  in  blood.  Eaeh  reeorded  value  rejiresents  the 
average  determination  from  two  or  more  animals. 


Table  4.  F>fect  of  ai.loxa.x  treat.ment  and  ethionine  treatment  on  the  localization 

OF  RADIOACTIVITY  IN  THE  PANCREAS  1  HOUR  AFTER  THE  ADMINISTRATION  OF  A 
RADIOIODINATED  GROWTH  HORMONE  PREPAR.ATION  (G.H.  I*’*  |11) 


Time 

(minutes) 

P”  cone. 

Organ 

Blood 

Alloxan  Treated  Rats  (.\verage  Weight  at  time  of  Sacrifice — 119  gms.) 

3 

0.17 

0.19 

10 

0.23 

0.52 

30 

0.28 

0.63 

100 

0.18 

0.51 

300 

0.23 

0.89 

B.  Ethionine  Treated  Rats 

f  Average  Weight  at 

time  of  Sacrifice — 64  gms.) 

3 

0.99 

0.73 

10 

0.60 

1  .46 

30 

0.69 

0.73 

100 

0.73 

1 .57 

300 

0.46 

0.62 

C.  Untreated  Hats  (.\verage  Weight  at  time  of  Saerifice — 156  gms.) 

•J  1  T  n  no 


3 

0.17 

0.63 

10 

0.22 

0.40 

30 

0.18 

0.62 

100 

0.14 

0.62 

300 

0.12 

0.74 

psi  concentration  refers 

to  the  fraction  of  the  administered 

do.se  of  radioiodine  which 

localized  per  gram  of  tissue.  The  organ/blood  ratio  is  a  relationship  between  the  eoneentra¬ 
tion  of  radioiodine  in  tissue  to  the  concentration  in  blood.  I'ach  recorded  value  represents  the 
average  determination  from  two  or  more  animals. 
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pancreatic  acini.  When  such  animals  Avere  injected  with  radioactive  growth 
hormone  and  comparisons  made  with  normal  animals  similarly  injected,  it 
was  found  that  the  pancreatic  concentration  was  greater  in  the  case  of 
the  ethionine  treated  animals  (Table  4).  Although  all  rats  were  approxi¬ 
mately  the  same  weight  at  the  onset  of  the  experiment,  there  was  a  slower 
weight  gain  after  treatment  with  alloxan  and  an  absolute  weight  loss  after 
injections  of  ethionine. 

In  the  adrenal  the  greatest  concentration  of  radioactivity  was  noted  10 
minutes  after  intracardiac  injection  of  labeled  growth  hormone  in  contrast 
to  the  pancreatic  maximum  at  1  hour  (Table  1,  Fig.  2).  The  concentration 
of  radioactivity  in  the  adrenal  fell  at  a  more  rapid  rate  than  the  concentra¬ 
tion  of  1'®*  in  the  pancreas.  The  concentration  of  P®*  in  the  thyroid  showed 
a  rapid  increase  to  a  maximum  at  the  last  point  observ’ed,  24  hours  (Table 
1).  All  other  organs  showed  significant  decreases  in  radioactivity  at  24 
hours  (Talde  1).  There  appeared  to  be  no  significant  difference  in  the 
localization  of  radioactivity  in  the  epiphyseal  portion  of  bone  in  contrast 
to  the  metaphysis  following  the  administration  of  labeled  growth  hor¬ 
mone  (Table  1).  In  many  studies  performed  with  male  rats,  no  significant 


Fig.  2.  Relationship  of  time  and  concentration  of  radioactivity  in  the  pancreas,  adre¬ 
nal  and  blood  after  the  administration  of  a  labeled  growth  hormone  preparation. 
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localization  of  radioactivity  was  noted  in  the  primary  or  secondary  sexual 
organs  after  administration  of  radioactive  growth  hormone. 

DISCUSSION 

It  has  been  found  (Li,  Simpson  and  Evans,  1948)  that  after  iodination 
of  growth  hormone  at  pH  5.25,  iodine  to  protein  molecular  ratios  of  over 
4  to  1  have  been  obtained  and  these  preparations  showed  only  a  slight  loss 
in  biological  activity.  In  the  present  study,  when  radioiodinated  growth 
hormone  was  prepared  with  an  iodine  to  protein  molecular  ratio  of  3.5  to  1, 
most  of  the  biological  activity  was  retained.  However,  the  determination 
of  the  biological  activity  of  a  substituted  protein  is  restricted  by  several 
considerations  (Sonenberg,  1952). 

In  the  present  study  no  attempt  was  made  to  satisfy  all  the  criteria 
(Sonenberg,  1952)  for  specificity  of  localized  labeled  components  for  a 
tissue,  but  the  radioactivity  which  localized  in  the  pancreas  after  the  ad¬ 
ministration  of  radioiodinated  growth  hormone  satisfied  some  of  these  cri¬ 
teria.  When  the  concentration  of  radioactivity  in  the  pancreas  after  ad¬ 
ministration  of  radioiodinated  growth  hormone  was  contrasted  with  other 
labeled  substances  (Fig.  3),  the  greatest  localization  of  radioactivity 
was  noted  in  the  case  of  labeled  growth  hormone.  Secondly,  after  the  ad¬ 
ministration  of  P^^-labeled  growth  hormone,  there  was  a  greater  concen¬ 
tration  of  radioactivity  in  the  pancreas  than  in  so-called  nonspecific  tissues, 
e.g.,  muscle  and  fat.  Thirdly,  concentrations  of  radioactivity  greater  than 
blood  were  noted  in  the  pancreas  after  injecting  radioactive  growth  hor¬ 
mone. 

The  radioactivity  which  localized  in  the  pancreas  after  administration 
of  P®‘-labeled  growth  hormone  is  probably  associated  with  the  protein  and 
is  not  the  result  of  growth  hormone  biological  activity  which  promotes  P*‘ 
accumulation  after  the  radioiodine  is  free  of  the  protein.  This  conclusion  is 
drawn  from  the  observation  when  P®^-labeled  inorganic  iodine  was  ad¬ 
ministered  with  non-radioactive  growth  hormone  preparations,  there  was 
not  the  same  degree  of  localization  of  radioactivity  in  the  pancreas  as  was 
noted  after  the  injection  of  radioiodine  labeled  growth  hormone. 

Some  insight  into  the  histological  site  of  localization  of  radioactivity,  in 
the  pancreas  may  have  been  obtained  from  the  distribution  studies  in  pre¬ 
treated  animals.  The  administration  of  ethionine  results  in  the  destruction 
of  pancreatic  acinar  tissue  (Farber  and  Popper,  1950;  Goldberg,  Chaikoff 
and  Dodge,  1950)  and  has  been  realized  in  our  experiments.  We  observed 
a  greater  localization  of  radioactivity  after  the  administration  of  radio¬ 
active  growth  hormone  in  the  pancreases  of  ethionine  treated  rats  than  in 
control  animals.  This  is  consistent  with  the  concept  that  there  was  a  rela- 
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LABELED  SUBSTANCE  INJECTED 

Fig.  3.  Tlie  relatioiisliii)  of  I'®'  concentration  between  i)ancreas  and  blood  one  hour 
after  the  administration  of  different  labeled  substances. 

GH— Growth  Hormone;  HGF — Hyperglycemic  Factor;  I’’* — -radioactive  iodine; 
HSA — Bovine  Serum  Albumin;  ACTH — Adrenocorticotroi)hin;  FSH — Follicle  Stimulat¬ 
ing  Horome;  LH — Luteinizing  Hormone. 

Numbers  in  brackets  above  columns  represent  the  number  of  preparations  of  each 
labeleil  substance  studied.  Each  animal  received  100  micrograms  of  protein  except  those 
receiving  carrier-free  amounts  of  radioactive  inorganic  iodide. 

GH  (Armour  22KR2)  LH  (Armour  SL-264-107B) 

HGF  (Horner  20S-108B-234)  FSH  (Parke  Davis  R^  124541) 

BSA  (Armour  J4902)  Insulin  (Armour  7-5) 

.\CTH  (Armour  .19701)  Intermedin  (Armour  MH-423-7z  plus  489 A-1) 

Prolactin  (Squibb  71713)  Relaxin  (Chilcott  6-6-65-S) 

tive  increase  in  islet  tissue  after  the  ablation  of  acinar  tissue  and  the  local¬ 
ized  radioactivity  in  the  pancreas  was  associated  with  the  islet  cells.  Some 
caution  must  be  employed  in  interpreting  these  data  in  view  of  the  general¬ 
ized  toxic  effect  of  ethionine  on  the  organism  as  a  whole.  However,  when 
the  beta  cells  of  the  pancreas  were  destroyed  with  alloxan,  there  was  no 
significant  difference  in  the  concentration  of  radioactivity  in  the  pancreas 
after  injecting  r®*-labeled  growth  hormone  to  normal  and  alloxanized  ani¬ 
mals.  It  would  appear,  then,  that  the  radioactivity  may  be  associated  with 
the  alpha  cells,  delta  cells,  or  some  other  element  in  the  pancreatic  islets. 
However,  without  any  radioautographs,  one  can  not  be  certain  that  the 
radioactivity  is  indeed  associated  with  the  islet  tissue.  In  addition,  the 
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specificity  of  this  increased  localization  of  radioactivity  after  treatment 
with  ethionine  will  have  to  he  established  by  administering  other  radio- 
iodinated  substances  to  similarly  treated  rats. 

Hypophysectomy  does  not  alter  the  property  of  the  pancreas  to  con¬ 
centrate  radioactivity  when  administered  as  I‘*‘-labeled  growth  hormone. 
This  seemed  to  be  the  case  whether  the  hypophysis  was  removed  from  2  to 
10  days  prior  to  the  administration  of  the  labeled  growth  hormone.  If  the 
experimental  animal’s  own  production  of  growth  hormone  would  dilute  the 
amount  of  labeled  growth  hormone  which  localized  in  the  pancreas,  one 
would  anticipate  that  this  effect  would  be  minimal  ten  days  after  hypophy¬ 
sectomy.  At  this  time  the  bulk  of  the  endogenous  growth  hormone  in  blood 
should  be  absent  if  we  can  employ  the  biological  half  life  of  growth  hor¬ 
mone  as  being  approximately  2(1  minutes  (Li,  1950-51 ;  van  Dyke,  Simpson, 
Li  and  Evans,  1950).  Perhaps  the  administration  of  100  /ug.  of  growth 
hormone  far  exceeded  the  normal  quantity  of  this  hormone  present  in 
blood.  If  so,  the  blood  concentration  of  growth  hormone  would  be  similar 
in  intact  as  well  as  in  the  experimental  animals.  No  data  are  available  as 
yet  with  the  administration  of  lesser  amounts  of  growth  hormone.  It  is 
also  possible  that  the  biological  half  life  in  blood  may  be  significantly  pro¬ 
longed  in  the  hypophysectomized  animals  or  the  renal  or  extrarenal  clear¬ 
ance  of  this  material  is  markedly  reduced.  Under  such  circumstances  there 
may  be  no  significant  alteration  in  the  pancreatic  localization  of  radio¬ 
activity  after  the  administration  of  radioactiv'e  growth  hormone. 

The  localization  of  radioactivity  in  the  adrenal  after  injecting  radio- 
iodinated  growth  hormone  may  reflect  contamination  of  this  growth  hor¬ 
mone  preparation  with  adrenocorticotrophin,  despite  the  negative  bio¬ 
logical  assay,  or  reflect  the  levels  of  radioactivity  in  blood.  It  should  be 
noted,  however,  that  the  radioactivity  in  the  adrenal  reached  its  maximum 
ten  minutes  after  injection  while  the  administration  of  P®‘-lal)eled  ACTH 
preparations  resulted  in  maximal  adrenal  concentration  in  30  seconds 
(Sonenberg,  Keston,  and  Money,  1951).  After  the  administration  of  P=*’- 
labeled  growth  hormone,  the  concentration  fell  from  a  maximal  value  at 
10  minutes  with  a  half  life  greater  than  5  to  (i  minutes,  while  the  net  half 
life  of  radioactivity  from  the  adrenal  with  labeled  ACTH  preparations  was 
approximately  5.5  minutes.  In  studies  with  labeled  growth  hormone,  no 
attempt  has  been  made  to  partition  the  radioactivity  between  cortical  and 
medullary  portions  of  the  adrenal  by  radioautography. 

With  all  of  our  labeled  anterior  pituitary  preparations  (Sonenberg  et  al., 
1951,  1952),  significant  localization  of  radioactivity  has  been  noted  in  the 
liv'er  and  spleen.  This  has  been  attributed  to  the  action  of  the  reticulo¬ 
endothelial  system  on  a  foreign  protein.  In  the  experiments  with  labeled 
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growtli  hormone,  it  has  not  been  excluded  that  there  may  be  a  specific 
localization  in  liv^er  of  some  component  in  this  preparation. 

Although  the  localization  of  radioactivity  in  the  thymus  may  be  specific, 
the  technique  of  intracardiac  injection  permits  contamination  of  thymic 
tissue  with  radioactive  materials.  Further  experiments  will  be  necessary  to 
establish  the  specificity  of  radioactivity  in  the  thymus  of  animals  that  hav'e 
receiv’ed  radioactiv'e  growth  hormone. 

The  localization  of  radioactivity  in  the  thyroid  has  been  interpreted  to 
reflect  the  uptake  of  inorganic  by  this  tissue  after  the  I^®‘-labeled  pro¬ 
teins  hav'e  been  degraded.  This  is  suggested  by  the  greater  uptakes  at  the 
later  periods  of  time  after  injection.  It  has  been  observ'ed  that  this  localiza¬ 
tion  is  markedly  reduced  in  hypophysectomized  animals.  The  large  local¬ 
ization  of  radioiodine  in  the  kidney,  like  the  large  uptake  by  the  thyroid 
is  consistent  with  the  notion  that  inorganic  radioiodine  is  being  excreted 
after  the  labeled  protein  has  been  degraded. 

These  experiments  in  no  way  establish  the  epiphyses  as  a  specific  site  of 
localization  for  radioactiv'e  growth  hormone.  It  should  be  noted  that  the 
concentration  in  the  epiphyses  was  not  significantly  greater  than  that 
noted  in  the  metaphyses.  Experimentally,  only  the  epiphyseal  end  of  the 
bone  was  examined  and  no  attempt  was  made  to  isolate  the  epiphyseal 
plate.  Perhaps  this  resulted  in  some  dilution  at  the  precise  site  of  localiza¬ 
tion.  In  preliminary  studies,  radioautographs  of  the  epiphyseal  area  dem¬ 
onstrated  most  of  the  radioactivity  to  be  at  the  epiphyseal  line  of  rats 
receiving  I^®'-labeled  growth  hormone.  Ilovvev'er,  I‘*‘-labeled.. iodide  and 
radioiodinated  serum  allmmin  gav'e  similar  radioautographs. 

SUMMARY 

An  anterior  pituitary  preparation  with  growth  hormone  activity  has 
been  labeled  with  radioactiv'e  iodine.  The  biological  activity  of  this  labeled 
preparation  has  been  retained.  Significant  localization  of  radioactivltj'  has 
been  noted  in  the  pancreas,  adrenal,  liver,  spleen,  thyroid,  kidney  and 
thymus  after  administering  labeled  growth  hormone  preparations  to  the 
rat.  The  localization  of  radioactivity  in  the  pancreas  would  appear  to  pre¬ 
dominate  in  the  islets,  but  not  in  the  beta  cells.  The  specificity  of  radio¬ 
activity  in  the  epiphyses  after  injecting  this  labeled  preparation  has  not 
been  established  with  the  data  now  available. 
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THE  MICRO  ESTIMATION  OF  STEROIDS  PRODUCED 
BY  RAT  ADRENALS  IN  VITRO^ 


F.  H.  ELLIOTT,  M.  K.  BIRMINGHAM,  A.  V.  SCHALLY 
AND  E.  SCHONBAUM2 

Allan  Memorial  Institute,  McGill  Universiti/,  Montreal,  Quebec 

R\T  adrenal  glands  have  been  found  by  Saffran,  Grad,  and  Bayliss 
(1952)  to  produce  steroids  when  incubated  in  a  saline  medium  and 
to  be  stimulated  to  form  much  larger  amounts  when  ACTH  is  added  to  the 
medium.  Others  have  shown  that  slices  of  pig  and  beef  adrenal  cortex 
(Haynes,  Savard,  and  Dorfman,  1952)  can  be  similarly  stimulated  by 
ACTH.  The  methods  used  in  these  latter  studies  for  extraction  and  purifi¬ 
cation  of  the  steroidal  material  prior  to  estimation  have  involved  much 
manipulation  of  the  samples  with  attendant  losses  of  material.  The  meth¬ 
ods  described  here  are  rapid  and  quantitative.  The  ultraviolet  absorption 
method  for  measuring  the  steroids,  used  by  Saffran  et  al.  (1952)  and  Saffran 
and  Bayliss  (1953)  has  been  improved  and  adapted  to  the  measurement 
of  2  to  5  MS-  of  steroid  with  an  error  of  less  than  + 10%.  A  second  method, 
making  use  of  a  derivative  of  triphenyl  tetrazolium  chloride,  has  been  de¬ 
veloped  to  measure  the  steroids  in  the  same  low  amounts  and  with  the  same 
accuracy.  Both  methods  can  be  used  to  measure  the  in  vitro  steroid  pro¬ 
duction  of  a  single  rat  adrenal. 

A  comparison  of  the  steroid  values  of  adrenal  incubation  media  obtained 
by  these  two  methods  is  of  interest  since  the  ultraviolet  method  (UV) 
measures  steroids  containing  the  A^-C-3  ketone  group  and  the  tetrazolium 
chloride  derivative  (M.  &  B.  1767),  steroids  with  an  a-ketol  side  chain. 
Data  are  presented  showing  that  consistently  higher  values  are  obtained 
by  the  UV  method  than  by  the  chemical  method  in  the  presence  and  ab¬ 
sence  of  added  ACTH.  This  indicates  that  in  addition  to  the  known  corti- 
coids  the  isolated  rat  adrenal  produces  substances  with  an  a,|8-unsaturated 
ketone  group  but  without  the  characteristic  a-ketol  reducing  side  chain. 
The  formation  of  both  kinds  of  substances  is  stimulated  by  added  ACTH. 
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METHODS 

Incubation  of  the  glands 

One  to  5  bisected  rat  adrenal  glands  were  incubated  in  either  Krebs-Ringer-0.025  M 
bicarbonate  and  95%  oxygen-5%  CO*  or  in  Krebs- Ringer  0.01  M  phosphate  and  100% 
O2.  The  glucose  concentration  was  200  mg.  %.  Care  was  taken  to  prevent  the  precipita¬ 
tion  of  calcium  in  the  medium  because  calcium  is  neces-sary  for  the  stimulation  of  the 
rat  adrenal  by  added  ACTH  (Birmingham,  Elliott  and  Valere,  J953).  The  glands  were 
incubated  without  ACTH  for  1  hour  at  37®  C.  prior  to  the  experimental  period  (Saffran 
and  Bayliss,  1953).  The  medium,  referred  to  later  as  preincubation  medium,  was  then 
removed  and  incubation  in  fresh  medium  with  or  without  added  ACTH  (0.02  to  0.1 
unit  ml.)  was  continued  for  2  hours  under  the  same  conditions.  To  reduce  animal  varia¬ 
tion  the  glands  were  j)aired  as  previously  described  (Saffran  and  Bayliss,  1953). 

An  aliquot  of  the  incubation  medium  was  removed  to  a  glass  stoppered  test  tube.^ 
An  accurately  measured  volume  of  chloroform  was  added  (about  2.5  times  the  volume 
of  the  aliquot  taken).  The  tube  was  shaken  100  times,  then  centrifuged  5-10  minutes  at 
3,500  RPM.  As  much  as  i)ossible  of  the  chloroform  solution  was  delivered  onto  a  V- 
shaped  piece  of  chloroform-extracted  filter  paper  placed  in  the  neck  of  a  centrifuge  tube. 
Droplets  of  water  carried  with  the  chloroform  are  caught  by  the  paper.  An  aliquot  of  the 
chloroform  .solution  was  transferred  to  a  small  test  tube  and  i)laced  in  an  evaporation 
api)aratus  to  remove  the  solvent. 

The  evaporation  ai)paratus  consists  of  an  evai)oration  chamber  made  from  a  25  ml. 
test  tube  with  a  ground  glass  joint  through  the  toj)  of  which  a  sealed-in  glass  tube  pas.ses 
and  reaches  to  within  3  to  5  cm.  of  the  bottom  of  the  chamber.  The  chamber  has  also  a 
sealed-in  side  arm.  The  small  test  tube  containing  the  chloroform  solution  was  jdaced  in 
the  chamber  which  was  kei)t  at  55°  C.  in  a  water  bath.  A  slow  stream  of  nitrogen  delivered 
through  the  vertical  tube  prevents  bumping  of  the  chloroform  while  it  is  evaporated 
by  a  water  pump  connected  through  the  side  arm.  Evacuation  for  30  minutes  with  a 
rotary  oil  ])um])  removes  the  last  traces  of  chloroform.  The  entering  nitrogen  pa.sses 
through  a  drying  column  and  glass  wool  trap.  Removal  of  the  oxygen  contamination  is 
unnecessary  (Nelson  and  Samuels,  1952). 

Measurement  of  the  steriods  by  ultrariolet  absorption 

To  the  residue  from  the  incubation  medium  of  1  to  3  glands,  0.5  ml.  of  methyl  alcohol 
was  added.  The  tubes  were  stoppered,  shaken  gently  and  allowed  to  stand  for  30  minutes 
to  dissolve  the  .steroids  completely.  The  solution  was  jjlaced  in  a  small  silica  cuvette 
(light  path.  10  mm.;  capacity,  0.3  ml.)  and  its  optical  density  measured  in  the  Beckman 
DU  spectrophotometer  at  wave  lengths,  225,  240,  255  and  260  m/x.  against  a  methanol 
blank.  An  aliquot  of  the  medium  u.sed  was  extracted  in  the  same  waj"^  as  the  incubation 
medium  and  a  methanol  solution  of  this  residue  was  used  as  a  blank  control. 

Precautions  necessary  for  accurate  UV  absorption  measurements 

Special  care  must  be  taken  to  prevent  the  introduction  of  impurities,  that  absorb  ultra¬ 
violet  light,  in  every  step  in  the  incubation,  extraction  and  evaporation  procedures.  The 
methanol  and  chloroform  must  be  redistilled  before  use.  All  glassware  must  be  cleaned 


Two  ml.  volumetric  test  tubes  are  suitable  for  the  extraction  of  0.4  to  0.75  ml. 
ali(iuots  of  medium;  9  ml.  glass  stojjpered  test  tubes  are  useful  for  1  to  2  ml.  aliquots; 
25  ml.  test  tubes,  previously  described  (Saffran,  Grad,  and  Bayliss,  1952),  are  suitable 
for  larger  amounts. 
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especially  carefiilly  and  kept  in  an  enclosed  space  if  not  used  immediately  after  drying. 
The  filter  pai)cr  triangles,  made  from  Whatman  #40  i)a])er,  should  he  extracted  with 
chloroform  in  a  Soxhlet  apparatus  for  2  to  3  hours  and  stored  in  a  closed  space  until 
used.  All  the  tubes  and  passage  ways  in  the  evaporation  apparatus  must  be  clean  so  that 
particles  are  not  carried  over  into  the  sample  flask  during  pressure  changes.  A  manometer 
in  the  system  is  useful  especially  at  the  end  of  the  evacuation  to  ensure  a  slow  entrance  of 
air  into  the  apparatus.  If  solvent  fumes  are  present  in  the  atmosphere,  it  is  necessary  to 
fill  the  evaporation  apparatus  with  nitrogen. 

Calculation  of  steroid  values  from  their  UV  absorption  curves 

Since  many  substances  absorb  ultraviolet  light  in  the  wave  length  region  in  which 
steroids  have  their  maximum  absorption,  240  m/x.,  it  is  difficult  to  measure  steroids 
accurately  by  this  method.  When  it  can  be  a.ssumed  that  the  impurities  have  a  straight 
line  absorption  curve  in  the  240  m/t.  region,  the  value  of  the  substances  to  be  measured 
can  be  calculated  from  the  relationship  of  the  optical  density  (OD)  at  240  mp.  to  the 
ODs  at  two  other  wave  lengths,  one  at  a  longer  and  the  other  at  a  shorter  wave  length 
(Allen,  1950).  Such  a  calculation  has  been  used  by  Saffian,  Grad,  and  Bayliss  (1952)  for 
.steroid  determinations:  calculated  density,  CDi  =  OD24o  — §(0^225+01)255).  If  the  ab¬ 
sorption  curve  of  the  impurities  has  a  reasonably  long  horizontal  section  in  the  240  m/x. 
wave  length  region,  the  OD  of  the  unknown  at  240  mp.  can  be  compared  with  the  00 
at  another  wave  length  in  this  horizontal  section,  such  as,  calculated  density,  CD-i 
=  00240  — OO260.  When  the  interfering  substances  have  an  absorption  curve  that  is  con¬ 
vex  to  the  wave  length  axis,  neither  calculation  would  give  the  correct  value.  However, 
by  considering  known  and  probable  variations  in  the  absorption  curve  of  impurities 
encountered  and  how  they  would  affect  calculated  densities  chosen,  such  as  COi  and  CO2, 
it  is  possible  to  justify  using  the  difference  between  the  values  obtained  as  a  measure  of 
the  error  that  the  interference  causes. 

It  has  been  found  that  a  methanol  solution  of  the  dried  chloroform  extiact  of  medium 
alone  has  a  convex  absorption  curve,  such  as  curves  B  in  Figure  lA  and  B.  A  similar 
absorption  curve  has  been  obtained  for  a  methanol  solution  of  dried  extract  of  medium 
in  which  adrenals  were  incubated  at  0°  C.  or  in  an  atmosphere  of  nitrogen  for  two  hours 
(Saffran  and  Bayliss,  1953).  Examination  of  the  absorption  curves  of  the  solutions  of 
many  extractions  of  medium  alone  show  that  the  main  differences  among  the  curves  are 
found  in  the  225  m/x.  region,  where  the  OD  is  often  very  high,  while  the  curves  in  the  240- 
260  m/x.  region  are  either  horizontal  or  nearly  so. 

In  Figure  lA,  curve  U  is  the  absorption  curve  of  a  solution  containing  interfering 
material,  the  absorption  curve  of  which  is  curve  B,  and  an  amount  of  steroid,  which, 
without  contamination,  would  give  curve  S.  The  CDi  values  of  curves  U,  S,  and  B  are 
respectively  u,  s,  and  b,  by  definition.  The  CDi  value  of  U  is  equal  to  s  minus  b,  since  curve 
U  is  the  composite  of  curves  S  and  B.  Thus  the  steroid  value  of  curve  U,  calculated  by 
its  CDi  value,  u,  will  be  in  error  and  too  low  by  an  amount,  b. 

In  Figure  IB,  the  OD  —  OD260  values  of  curves  U,  S,  and  B  have  been  plotted  and  their 
respective  CD^  values,  u',  s',  and  b',  are  shown.  If  one  uses  u'  as  a  measure  of  the  steroid 
having  curve  U,  it  will  give  too  high  a  value  for  the  steroid  by  b'  since  u'  =  s'-\-b'. 

If  the  curve  for  interfering  material,  B,  had  decreased  linearly  with  increasing  wave 
length,  u  would  equal  s  (Fig.  lA)  but  u'  would  still  be  greater  than  s'  (Fig.  IB). 

If  there  is  no  interfering  material,  u=s  and  u'  =  s',  and  the  steroid  value  obtained  from 
M  will  equal  the  steroid  value  obtained  from  u'.  Thus  if  the  steroid  value  for  a  solution 
giving  curve  U  is  calculated  by  the  two  methods,  from  CDi  and  CD2,  and  there  is  no  dif- 
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225  240  255  225  240  260 

WAVE  length,  nyj. 

Fig.  1.  Graphical  Representation  of  CDi  and  CD^. 

S  =  absorption  curve  of  pure  steroid ; 

R  =  absorption  curve  of  interfering  substance; 

U  =  absorption  curve  of  unknown  containing  interfering  substance; 
s  and  s'  =  calculated  optical  densities  (CDi  and  CD2)  of  pure  steroid  derived  by  equations 
giv'en  in  Figs.  lA  and  IB  respectively; 
b  and  b'  =  CDi  and  CDi  of  interfering  substance; 
u  and  u'  =  CDi  and  CDi  of  unknown  containing  interfering  substance. 

ference  in  the  value,  it  is  reasonable  to  assume  that  no  interfering  material  is  present 
to  distort  the  steroid  curve  S.  The  difference  between  the  values  calculated  by  CDi 
and  CDi  is  a  mathematical  expression  of  the  distortion  of  the  steroid  curve  and  gives  an 
estimate  of  the  interference.  Moreover,  the  true  steroid  value  must  lie  within  the 
limits  of  these  two  calculated  values. 

In  Table  1  are  given  the  average  differences  between  steroid  values  obtained  from 
calculations  using  CDi  and  CDi  for  methanol  solutions  of  chloroform  extracts  of  medium 
alone  and  medium  in  which  adrenals  have  been  incubated.  The  average  impurities  are 
shown  to  be  much  greater  and  significantly  different  for  each  medium  before  precautions 
described  above  were  taken  as  compared  to  the  impurities  after  precautions  were  taken. 
The  data  indicate  further  that  the  amount  of  impurities  present  in  extracts  of  incubation 
media  (line  5)  are  on  the  average  no  greater  than  the  amount  of  impurities  extracted 
from  medium  alone  (line  6)  and  therefore  the  source  of  impurities  is  not  the  adrenal  gland. 
However,  since  the  amount  of  impurities  extracted  from  preincubation  media  (line  4) 
is  larger  than  that  from  medium  alone  (line  6),  these  extracts  probably  contain  impuri¬ 
ties  of  adrenal  origin.  It  might  be  inferred  that  the  steroid  value  for  incubation  media 
could  be  corrected  by  subtracting  the  blank  value  for  an  extract  of  medium  alone. 
However,  when  a  blank  extraction  determination  is  carried  out  in  conjunction  with  a 
series  of  experimental  extractions,  the  blank  value  does  not  always  correspond  to  the 
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Table  1.  Differences  in  steroid  values  obtained  from  UV  absorption  curves 
BY  CALCULATION  FROM  CDi*  AND  CDi*  FOR  EXTRACTS  OF  MEDIA 


No.  of  tests 

Mean  CD,,  CD, 
difference  ±S.E. 

Before  Precautions  described  were  taken 

1.  Preincubation  media 

2U 

3.40+0.538 

2.  Incubation  media 

49 

2.28+0.213 

3.  Krebs-Ringer  media 

20 

1.9410.378 

.■\fter  Precautions  described  were  taken 

4.  Preincubation  media 

26 

1 .41  +0.112 

5.  Incubation  media 

135 

0.97  +0.054 

6.  Krebs-Ringer  media 

50 

0.9410.063 

Probability  that  the  difference 
is  due  to  chance 
(Snedecor,  1948) 


Pair 


1  vs  4 

0.01  >3a>0.001 

2  vs  5 

J9<0.001 

3  vs  6 

0.01  >7)>0.001 

4  vs  5 

p<0.001 

5  vs  6 

p>0.9 

*  See  text  and  Figure  1  for  definitions  of  CDi  and  CD;. 


amount  of  impuritj'  calculated  by  CDi  and  CD2  for  each  experimental  extract. 

The  error  due  to  impurities  in  incubation  media  has  been  shown  in  Table  1  (line  5) 
to  average  +0.5  /xg.  steroid/ml.  methanol.  In  order  to  obtain  steroid  values  with  an  error 
no  greater  tlian  ±  10%  a  concentration  of  5  /xg.  steroid/ml.  methanol  must  be  measured. 
This  concentration  can  be  measured  in  a  microcuvette  with  only  1.5  ^xg.  steroid  in  0.3 
ml.  methanol. 

The  factors  obtained  for  converting  the  CDi  and  CD2  values  to  ng.  steroid  per  ml. 
are  listed  in  Table  2.  When  a  sainjile  contained  a  mixture  of  steroids,  the  factors  for 
17-hydroxycorticosterone  (compound  F)  were  used.  Only  in  the  unlikely  case  of  the 
presence  of  a  large  amount  of  desoxycorticosterone  (DOC)  would  the  use  of  these  factors 
introduce  a  significant  error. 

Measurement  of  steroids  by  M.  &  B.  1707 

To  measure  the  a-ketol  side  chain  of  steroids  a  derivative  of  triphenjl  tetrazolium 
chloride,  2,5-diphenyl-3-(4-styrylphenyl)-tetrazolium  chloride  (M.  &  B.  1767),  recom¬ 
mended  to  us  by  Dr.  Henle}'  (cf.  1951  and  1952b),  has  been  used.  The  procedure  for 
its  use  has  been  adapted  from  that  described  by  Mader  and  Buck  (1952)  for  3,3-dianisole- 
bis-4,4'-(3, 5-diphenyl)  tetrazolium  chloride.  The  procedure  used  by  Dr.  Henley  (1952a) 
for  M.  &  B.  1767  includes  a  final  neutralization  which  we  have  omitted. 

In  studying  the  effects  of  conditions  on  the  reduction  of  M.  &  B.  1767  by  compound 


Table  2.  Factors  for  converting  CDi*  and  CDi*  values  to  ixg.  steroid  per  ml. 


DOC 

Cpd.  B 

Cpd.  E 

Cpd.  F 

CDx 

44 

53 

56 

55 

CDi 

27.5 

33 

31 

34 

*  See  text  and  Figure  1  for  definitions  of  CD\  and  CDi. 
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F,  1  l-(lehy(lr()-17-hy<lr()xy**<)itic()stoi()nc  (compound  E),  corticosterone  (compound  B), 
and  DOC  it  was  found  that  at  a  reaction  temi)eratnre  of  2S°  C.  a  reasonably  intense  yel¬ 
low  red  color  develops  (optical  density  of  0.1 00  =  1  /ifj.  steroid).  The  color  is  (juite  stable 
for  about  30  minutes.  At  higher  reaction  temperatures  a  more  intense  but  also  more 
unstable  color  forms.  The  factors  for  converting  the  optical  densities  at  510  m/*.  of  com¬ 
pounds  F,  E,  and  B  and  of  DOC  to  /xg.  steroid/inl.  reaction  mixture  have  been  found  to 
be  22,  27,  22,  and  19  respectivelj'.  Progesterone  and  androsterone  cause  no  reduction 
of  M.  &  B.  1767  under  the  same  conditions  nor  do  residues  qf  chloroform  extracts  of 
Ringer-Krebs  medium  containing  glucose.  There  is  some  variation  in  the  conversion 
factors  given  above  so  that  standard  solutions  of  a  known  steroid  must  be  used  as  con¬ 
trols  with  each  series  of  determinations. 

Reagents : 

1.  A  solution  of  1.5  mg.  of  2,5-diphenyl-3-(4-styrylphenyl)-tetrazolium  chloride 
(M.  &  B.  1767)  i)er  ml.  of  95%  ethyl  alcohol.  This  solution  must  be  prepared  fresh 
daily. 

2.  A  solution  of  tetramethylamnionium  hydroxide  in  ethyl  alcohol.  Three-tenths 
ml.  of  a  10%  aqueous  solution  of  the  hydroxide  is  diluted  to  10  ml.  with  95%  ethyl 
alcohol. 

An  aliquot  of  the  methanol  solution  of  extracted  steroids,  or  preferably  an  aliquot 
of  the  chloroform  extract  of  steroids,  is  evaporated  in  the  apparatus  described  above.  To 
the  residue  is  added  0.2  ml.  of  redistilled  95%  ethyl  alcohol.  The  sample  is  kept  stoppered 
for  30  minutes  in  a  water  bath  at  38°  C.  to  assure  complete  solution  of  the  residue.  Then 
0.15  ml.  of  reagent  2  is  added,  followed  immediately  by  0.15  ml.  of  reagent  1.  The  con¬ 
tents  are  mixed  and  the  tube  is  placed  in  a  water  bath  at  28°  C.,  protected  from  light, 
removed  after  20  minutes  and  measured  within  20  minutes  in  the  Beckman  spectro¬ 
photometer  in  microcuvettes  at  510  m;t. 

RESULTS  AXD  DISCUSSION 

Recovery  experiments 

In  Table  3  are  shown  the  results  of  experiments  in  which  compounds  F, 
E,  and  B  and  DOC  were  added  to  Ringer-Krebs  medium,  extracted  and 
measured  by  ultraviolet  absorption  (UV  method)  and  by  reduction  of 
M.  &  B.  1767  (MB  method).  Thej'  were  added  in  amounts  such  that  their 
concentration  per  ml.  medium  was  5  to  22  ng.  These  concentrations  are 
within  the  range  found  in  adrenal  incubation  media  under  the  conditions 
described,  2  to  40  /ug./ml.  medium. 

The  recov^eries  from  Ringer-Krebs  medium  alone  (Table  3,  A)  show  that 
the  extraction  and  purification  procedures  involve  no  losses  of  steroids, 
even  though  there  is  only  one  chloroform  extraction.  The  agreement  be¬ 
tween  the  recoveries  calculated  from  CDi  and  CD2  indicates  that  there 
were  practically  no  impurities  present  to  interfere  in  the  UV  measure¬ 
ments.  Good  recoveries  were  also  obtained  as  estimated  by  the  MB  method 
and  agreed  with  those  obtained  by  the  UV  method  where  both  determina¬ 
tions  were  made  on  the  same  extracts. 

Equally  satisfactory  recoveries  of  known  steroids  added  to  tissue  incu- 
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Table  3.  Recoveky  ok  Steroids 


No.  of 
tests 

Steroids 

added 

.\mount  for 

UV  method 

MB  method 
Avg.  % 

measurement 

mK- 

Avg.  % 
using  CDi* 

Avg.  % 
using  CD>* 

.\.  .\dded  to  Ringcr-Krebs  Medium 

1 1  DOC  1  to  2 

95  (80-108) 

100 (88-119) 

11 

DOC 

2  to  .5 

95 (82-104) 

99  (91-121) 

— 

2 

F,  E,  B 

13 

97  (96-97) 

98  (97-99) 

— 

1 

F,  E,  B 

4.. 5 

91 

99 

100 

2 

F 

4 

— 

— 

93  (93-93) 

H.  .\dded  to  Ringer-Krehs  Medium  in  which  Tissue  had  been  Incubated  2  Hours 

1 

F,  E,  B 

25 

Adrenal 

105 

98 

6 

F,  E,  B 

7.5 

101  (91-108) 

99  (89-lOG) 

100  (94  -107) 

G 

F 

4 

Heart 

— 

91 (87-95) 

4 

F 

4 

Liver 

— 

84  (74-93) 

The  values  in  parentheses  are  the  his;hest  and  lowest  percentages  of  the  series  of  values 
averaged. 

*  See  text  and  Figure  1  for  definitions  of  CD^  and  CDi. 


hation  media  were  obtained  (Table  3,  B).  They  indicate  that  the  chloro¬ 
form-extractable  material  from  tissue  incubation  media  does  not  interfere 
in  the  estimation  of  steroids  by  either  method. 

Steroid  values  of  adrenal  incubates 

In  Table  4  are  shown  the  analytical  data  from  many  incubation  experi¬ 
ments  carried  out  as  described.  The  average  steroid  values  obtained  by  the 
two  methods  are  shown  for  each  of  the  three  types  of  incubation  media  an¬ 
alyzed.  The  stimulatory  effect  of  ACTH  was  calculated  from  the  difference 


Table  4.  Steroid  valites  of  adrenal  incubation  media  measured  by 
THE  UV  and  mb  methods 


Preincubation 

media 

No  added 
ACTH 

With  added 
ACTH 

Calculated 
effect  of 
.\CTH 

ug./lOO  mg.  adrenals 

MB  method 

No.  tests 

(0) 

(10) 

(18) 

DO) 

Mean 

8 ±3.2  (S.D.) 

7±1.3 

19±5.2 

11  ±5.0 

UV  method 

No.  tests 

(9) 

(10) 

(18) 

(10) 

17±8.5 

Mean 

15±5.5 

14±3.7 

32±7.7 

MB/UV  ratio 

No.  tests 

(9) 

(10) 

(18) 

(10) 

Mean 

0.52  ±0.05 

0.53  ±0.03 

0.61  ±0.06 

0.73±0.11 
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Table  5.  Effect  of  ACTH  on  the  MB/UV  ratios  obtained  with 
PAIRED  adrenal  GLANDS 


No  added 
ACTH 

With  added 

ACTH 

Calculated  effect 
of  ACTH 

0.50 

0.63 

0.83 

0.50 

0.62 

0.75 

0.66 

0.62 

0.60 

0.55 

0.69 

0.78 

0.50 

0.59 

•  0.73 

0.43 

0.59 

0.78 

0.42 

0.50 

0.58 

0.74 

0.64 

0.60 

0.50 

0.67 

0.92 

0.50 

0.61 

0.71 

The  differences  between  the  paired  values  in  Columns  1  and  2,  analyzed  by  Student’s 
<-test  (Student,  1925)  are  significant  at  the  0.02  level;  those  between  Columns  1  and  3,  at 
the  0.01  level. 


in  the  amount  of  steroids  produced  by  the  glands  incubated  with  and  with¬ 
out  added  ACTH.  The  glands  in  the  presence  of  added  ACTH  produced 
1.5  to  4  times  as  much  steroid  as  the  glands  incubated  without  ACTH,  with 
which  they  could  be  compared.  The  same  results  have  been  obtained  in 
many  other  experiments  carried  out  in  the  same’way  in  which  the  steroids 
formed  were  measured  by  the  UV  method  only.  The  failure  of  Hofmann 
(1954)  to  obtain  a  consistent  stimulating  effect  of  ACTH  on  the  steroid 
production  of  rat  adrenals  in  vitro  is,  we  believe,  due  to  the  lack  of  calcium 
in  his  media  (Birmingham  el  al.,  1953).  The  ratio  of  the  steroid  value  ob¬ 
tained  by  the  MB  method  to  that  obtained  by  the  UV  method  for  every 
medium  analyzed  has  been  invariably  less  than  1  indicating  that  the  two 
methods  are  not  measuring  entirely  the  same  steroids. 

Table  5  lists  the  MB  UV  ratios  obtained  after  incubation  of  paired 
adrenal  glands  with  and  without  added  ACTH.  The  differences  in  the 
ratios  in  each  pair  are  statistically  significant  indicating  that  ACTH  in¬ 
creased  the  proportion  of  material  measured  by  the  MB  method. 

Of  the  steroids  identified  in  adrenal  cortical  extracts,  only  the  six  corti- 
coids  and  aldosterone  would  give  the  same  value  by  the  two  methods 
used,  i.e.,  they  are  the  only  steroids  with  the  a-ketol  side  chain  at  Cn  (meas¬ 
urable  by  M.  &  B.  17fi7)  and  also  the  A^-3-ketone  group  (measurable  bj" 
UV  absorption).  If  the  adrenal  glands,  when  incubated,  had  formed  only 
these  corticoids,  the  MB/UV  ratios  would  have  been  1.0.  The  discrepancy 
in  the  steroid  values  obtained  by  these  two  methods  could  be  explained  if 
rat  adrenals  formed  a  steroid  of  the  type  found  by  Brady  (1953)  in  incuba¬ 
tion  media  of  dog  adrenal  slices,  namely,  a  compound  with  an  ajS-unsatu- 
rated  ketone  group  but  without  a  reducing  ketol  side  chain  and  with  a  polar¬ 
ity  like  that  of  Compound  E.  Bush  (1953)  has  obtained  a  component  from 
the  adrenal  vein  blood  of  rats  which  he  believes  to  be  1  l-hydroxyandrost- 
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4-ene-3,  17-dione  and  which  has  a  polarity  less  than  that  of  corticosterone. 
We  have  chromatographic  evidence,  Elliot  and  Shally,  1955,  that  the 
component(s),  which  mainly  accounts  for  the  discrepancy  discussed,  has  a 
polarity  similar  to  the  compound  described  by  Brady. 

Although  ACTH  stimulates  mainly  steroids  measured  by  the  MB  meth¬ 
od,  probably  corticoids  (Table  5),  it  also  stimulates  the  formation  of  ster- 
oid(s)  without  the  a-ketol  side  chain,  since  the  MB/UV  ratio  of  the  calcu¬ 
lated  effect  of  ACTH  is  also  less  than  1  (Table  4). 

SUMMARY 

Two  procedures  are  described  which  permit  a  rapid  estimation  of  as 
little  as  2  Mg-  of  corticoids.  By  these  methods  the  in  vitro  steroid  production 
of  a  single  rat  adrenal  can  be  measured  with  an  error  of  ±  10%. 

Steroids  with  a  C-3  ketone  group  are  measured  by  ultraviolet  absorp¬ 
tion  and  a-ketol  steroids,  by  2,5-diphenyl-3-(4-styrylphenyl)-tetrazolium 
chloride  (M.  &  B.  1767). 

It  was  found  from  analysis  of  media  in  which  rat  adrenals  had  been  in¬ 
cubated  with  and  without  added  ACTH  that  more  ultraviolet  absorbing 
material  is  formed  than  material  with  an  a-ketol  group  and  that  ACTH 
stimulates  the  formation  of  both  types  of  material.  The  ratio  of  the  a-ketol 
material  to  ultraviolet  absorbing  material  is  greater  for  incubation  media  of 
glands  stimulated  by  ACTH  than  for  incubation  media  of  unstimulated 
glands.  The  significance  of  these  findings  has  been  discussed. 
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RESPONSE  OF  THE  HAMSTERS’  ADRENAL  CORTEX 
TO  DESOXYCORTICOSTERONE  ACETATE,  WITH 
OBSERVATIONS  ON  THE  KIDNEY, 

THYROID  AND  HYPOPHYSIS 

KARL  M.  KNIGGE 

Department  of  Anatomy,  University  of  Pittsburgh,  Pittsburgh,  Pennsylvania 

The  administration  of  small  doses  of  desoxycorticosterone  acetate 
(DCA)  does  not  affect  significantly  the  weight  of  the  adrenal  glands 
of  the  rat  or  mouse  (Selye,  1940;  Mulinos  et  al.,  1942;  Leathern,  1951;  Mil¬ 
ler,  1953),  although  the  zona  glomerulosa  of  the  rats’  adrenal  may  exhibit 
a  decrease  in  the  size  of  its  constituent  cells,  a  loss  of  sudanophilic  lipid, 
and  other  signs  of  “compensatory  atrophy”  (Greep  and  Deane,  1947; 
Zweifach  et  al,  1951).  A  similar,  selective  response  of  the  zona  glomerulosa 
is  reported  to  occur  when  rats  are  placed  on  sodium-deficient  or  sodium- 
rich  diets  (Deane  et  al.,  1948;  Nichols,  1948;  Bacchus,  1950).  Hypophy- 
sectomy  of  the  rat,  in  contrast,  results  in  a  marked  involution  of  the  zona 
fasciculata  and  only  minimal  changes  in  cells  of  the  zona  glomerulosa 
(Deane  and  Greep,  1946).  Because  of  these  apparently  specific  responses  of 
the  zona  glomerulosa,  it  has  been  suggested  that  this  zone  may  be  con¬ 
cerned  with  the  elaboration  of  mineralo-corticoids  and  that  its  secretory 
activity  is  relatively  independent  of  hypophyseal  control  (Swann,  1940; 
Greep  and  Deane,  1947). 

When  larger  doses  of  DCA  are  administered,  there  occurs  a  reduction  in 
adrenal  weight,  caused  by  involution  of  the  zona  fasciculata  as  well  as  the 
zona  glomerulosa  (Selye  and  Dosne,  1942;  Selye  and  Stone  ,1950;  Odenthal, 
1952).  It  is  postulated  that  DCA  may  inhibit  the  secretion  of  pituitary 
corticotropin  to  produce  this  atrophy  of  the  zona  fasciculata  (Sayers  and 
Sayers,  1947). 

Conditions  which  affect  the  secretion  of  corticotropin  should  be  fol¬ 
lowed  by  changes  in  the  number  and  cytology  of  the  pituitary  cell  type 
responsible  for  its  elaboration.  There  is,  however,  no  agreement  at  present 
as  to  which  cell  type  is  concerned.  Halmi  and  Barker  (1952)  produced 
marked  adrenal  atrophy  in  groups  of  male  rats  treated  with  2  and  5  mg.  of 
cortisone  for  83  and  20  days  respectively,  but  found  no  significant  altera¬ 
tions  in  pituitary  cytology.  Likewise,  Baker  (1952)  was  unable  to  detect 
changes  in  the  hypophyses  of  rats  given  large  doses  of  corticotropin.  Tuch- 
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mann-Duplessis  (1951b),  studying  the  hypophyses  of  adrenalectomized 
rats  and  rats  given  DCA,  cortisone  and  corticotropin,  concluded  that  the 
basophil  is  the  cell  which  secretes  corticotropin.  Halmi  (1951)  and  Halmi 
and  Bogdanove  (1951a,  1951b)  believe  that  the  granules  in  pituitary 
chromophils  do  not  represent  or  reflect  the  content  of  corticotropin  in  the 
rats’  hypophysis.  Finnerty  et  al.  (1949,  1952),  using  the  acid  hematein 
technique  for  phospholipids,  observed  a  marked  increase  in  the  number  of 
intensely  staining  acidophils  in  rats  subjected  to  stressful  conditions,  and 
believe  that  this  cell  is  the  source  of  corticotropin. 

The  current  investigation  was  undertaken  to  determine  whether  the 
zona  glomerulosa  in  another  species,  the  hamster,  can  be  influenced  selec¬ 
tively  by  DCA.  The  hypophyses  of  these  animals  were  examined  to 
detect  any  change  suggesting  the  cell  type  responsible  for  secretion  of  corti¬ 
cotropin.  Because  the  hypophysis  secretes  a  number  of  hormones,  the  pos¬ 
sibility  must  be  considered  that  DCA  may  alter  pituitary  cytology  by  in¬ 
fluencing  the  secretion  of  hormones  other  than  corticotropin.  The  influence 
of  DCA  on  the  histology  of  the  thyroid  gland  and  the  secretion  of  thyro¬ 
tropin  are  of  interest  in  this  regard  in  view  of  the  fact  that  numerous  work¬ 
ers  have  reported  effects  of  DCA,  cortisone,  or  corticotropin  on  thyroid 
activity  (Perry,  1951;  Money  et  al.,  1951;  iNIigeon  et  al.,  1952;  Halmi  and 
Barker,  1952). 


MATERIAL  AND  METHODS 

Fifty-six  young  adult  male  hamsters,  averaging  68  to  72  gm.  in  initial  body  weight, 
were  given  daily  subcutaneous  injections  of  desoxycorticosterone  acetate*  for  10  days. 
Three  different  groups  of  animals  receiv'ed  0.5,  1,  and  2  mg.  respectively,  with  control 
animals  receiving  appropriate  amounts  of  sesame  oil.  The  voluntary  food  intake  (pow¬ 
dered  Rockland  rat  diet)  was  measured  daily. 

At  autopsy,  the  adrenals  were  freed  of  fat,  weighed,  and  prepared  for  histological 
study  bj'  the  following  methods:  (a)  fixation  in  Bouin’s  fluid  and  staining  by  the  Masson 
technique;  (b)  Regaud’s  fluid,  with  staining  by  iron  hematoxylin  for  mitochondria;  (c) 
fixation  in  formol-Zenker-osmic  acid  for  osmiophilic  lipid;  (d)  formalin-fixed  adrenals 
were  sectioned  on  the  freezing  microtome,  stained  with  sudan  black  B,  sudan  III,  the 
Schiff  reagent,  2-hydroxy-3-naphthoic  acid  hydrazide  (Ashbel  and  Seligman,  1949), 
and  tested  for  cholesterol  by  the  Schultz  method;  (e)  adrenals  fixed  in  chilled  80%  alcohol 
were  used  for  the  demonstration  of  alkaline  phosphatase  (Gomori,  1939)  and  esterases 
(Gomori,  1952).  Using  Bouin-fixed  adrenals,  the  nuclear  areas  of  cells  in  the  zona  glome¬ 
rulosa  and  zona  fasciculata  were  measured  by  making  camera  lucida  drawings  (X1680) 
of  the  nuclei  and  measuring  their  areas  with  a  planimeter;  details  of  this  procedure  have 
been  described  more  fully  elsewhere  (Knigge,  1954b).  The  heart,  kidneys,  and  thymus 
were  weighed  and  fixed  in  Bouin’s  fluid,  the  kidneys  and  thymus  being  sectioned  at  5  // 
and  stained  by  the  Masson  technique.  Thyroid  glands  were  fixed  and  stained  in  a  similar 
fashion.  Hypophyses  were  fixed  in  Bouin’s  fluid,  sectioned  at  4  /i  in  a  coronal  plane, 

*  Desoxycorticosterone  acetate  was  generously  supplied  by  Dr.  Robert  Gaunt  of 
Ciba  Pharmaceutical  Products,  Inc.,  Summit,  N.  J. 
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Table  1.  The  body  and  organ  weights  of  male  hamsters  treated  for 
10  DAYS  WITH  DESOXYCORTKOSTERONE  ACETATE 


Group 

No.  of 
huniBters 

Body  wi 

piKht,  K.  1 

Organ  weighta,  iiig. 

Initial  | 

Final  1 

Adrenals  | 

Kidneys 

Heart 

Thymus 

Control 

18 

72±1.5  1 

78±1.4 

19.4±0.71 

824115 

288111 

41.814.0 

DCA,  0.5  iiiR. 

69  ±1.7 

76  ±  2 . 1 

16.810.92 

1267 1 13 

— 

— 

DCA,  1  niR. 

15 

71±1.8 

78±5.3 

15.410.65 

•  1289136 

342111 

41.412.3 

DC.A,  2  iiiK. 

10 

68±1.2 

74±0.8 

13.010.34 

1280  1  54 

3171  7 

43.011.4 

and  stained  bj-  tlie  modified  (long)  iMasson  technique.  Differential  counts  of  hypophj'seal 
cell  types  were  performed  by  counting  the  cells  in  12  oil  immersion  fields  in  4  sections, 
following  a  pattern  described  bj-  Rasmussen  and  Herrick  (1922).  An  average  of  1728 
cells  were  counted  in  each  hypophysis.  Other  sections  of  Bouin-fixed  hypophyses  were 
stained  by  the  periodic  acid-Schiff  technique  for  polysaccharides  as  described  by 
McManus  (1948). 


RESULTS 

Body  and  organ  weights.  Administration  of  0.5,  1,  or  2  mg.  of  DC  A  for  10 
days  does  not  influence  body  or  thymus  weight  (Table  1).  The  slight  in¬ 
crease  in  weight  of  the  heart  is  not  significant  at  the  1%  level  (Student  “t” 
test).  The  kidneys  at  autopsy  are  larger  and  somewhat  lighter  in  color  than 
normal,  but  their  surface  is  not  irregular  or  pitted.  Kidney  weight  is  in¬ 
creased  approximately  55%  by  all  3  dosage  levels  of  DCA.  The  adrenals 
exhibit  a  progressive  weight  loss  with  increasing  dosages  of  DCA  (Table 
1),  the  decrease  in  weight  being  significant  in  all  3  groups.  The  adrenal 
weight  (13.0  mg.)  of  animals  treated  with  2  mg.  of  DCA  for  10  days  is 
slightly  greater  than  that  observed  in  male  hamsters  hj’pophysectomized 
for  30  to  60  days  (9.4  mg.,  compared  to  19.8  mg.  for  littermate  controls. 
Knigge,  1954a). 

Adrenal  Cortex 

Administration  of  0.5,  1,  or  2  mg.  of  DCA  for  10  days  produces  a  pro¬ 
gressively  more  marked  atrophy  of  the  cortex  of  the  adrenal  gland,  the 
medulla  remaining  histologically  normal.  The  histology  and  histochemistry 
of  the  normal  hamster  adrenal  cortex  have  been  described  in  detail  (Knig¬ 
ge,  1954a).  Pertinent  histology  of  the  normal  cortex  and  changes  produced 
by  2  mg.  of  DCA  will  be  described  here. 

Zona  glomendosa.  The  zona  glomerulosa  of  normal  adrenals,  as  seen  in 
Bouin-fixed,  Alasson-stained  glands,  is  a  narrow,  relatively  inconspicuous 
zone  which  stains  lighter  than  the  adjacent  zona  fasciculata,  and  which 
varies  regionally  in  thickness  (Fig.  3).  The  constituent  cells,  which  possess 
indistinct  cell  boundaries,  are  arranged  in  rounded  clusters  or  are  ordered 
irregularily  and  not  demarcated  sharply  from  the  zona  fasciculata.  Glo- 
merulosal  cells  contain  vacuoles  which  are  preserved  poorly  after  Bouin  fixa¬ 
tion.  The  nuclei  of  glomerulosal  cells  vary  markedly  in  shape  and  exhibit  a 
wide  range  of  sizes.  The  distribution  curve  of  nuclear  areas  of  normal 
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{jjloinerulosal  cells  (Fig.  1)  is  similar  to  that  observed  previously  (KnifiKe, 
1954b).  After  fixation  in  Regaud’s  fluid  and  staining  with  iron  hematoxylin, 
mitochondria  of  glomerulosal  cells  are  observed  as  lightly  stained,  granular 
bodies  which  are  distributed  uniformly  in  the  cytoplasm.  The  lightly  stain¬ 
ing  mitochondria  in  glomerulosal  cells  contrast  markedly  with  those  of  the 
zona  fasciculata,  which  are  colored  intensely  (Fig.  13).  After  fixation  in 
Regaud’s  fluid,  cytoplasmic  vacuoles  are  well  preserved.  Sudanophilic 
lipid  and  cholesterol,  as  demonstrated  after  fixation  in  10%  formalin,  are 
absent  from  the  zona  glomerulosa;  the  Schiff  reagent  and  2-hydroxy-3- 
naphthoic  acid  hydrazide  stain  the  zona  glomerulosa  faintly  or  not  at  all 
(Fig.  7).  Fixation  of  adrenals  in  formol-Zenker-osmic  acid  reveals  osmio- 
philic  lipid  in  glomerulosal  cells  as  blackened  droplets  of  varial)le  size.  The 
distribution  of  this  lipid  in  the  zona  glomerulosa  varies  regionally  to  a  con¬ 
siderable  degree,  with  some  clusters  of  glomerulosal  cells  containing  much 
lipid  (Fig.  11)  and  others  little  or  none  (Fig.  12).  Alkaline  phosphatase  ac¬ 
tivity  is  absent  from  the  zona  glomerulosa  after  sections  are  incubated  with 


Fig.  1.  Distribution  curve  of  the  nuclear  areas  of  zona  glomerulosa  cells  in  adrenals 
of  control  hamsters  and  animals  given  2  mg.  of  DCA  daily  for  10  days.  This  dosage  of 
DCA  does  not  produce  a  significant  alteration  of  the  distribution  curve. 
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Fig.  2.  Distribution  curve  of  the  nuclear  areas  of  zona  fasciculata  cells.  Two  mg. 
of  DCA  produces  a  shift  to  the  left  in  the  curve,  reflecting  a  decrease  in  average  cross- 
sectional  area. 

sodium  glycerophosphate  for  1  or  3  hours  at  pH  9.2  (Fig.  5).  Esterase  ac¬ 
tivity,  however,  is  more  intense  in  this  zone  than  in  the  remainder  of  the 
cortex  (Fig.  9). 

Administration  of  2  mg.  of  DCA  for  10  days  does  not  affect  significantly 
the  architecture  of  the  zona  glomerulosa,  the  width  of  this  zone  remaining 
similar  to  that  of  control  glands  (Fig.  4).  Alitotic  figures  are,  however,  ob¬ 
served  less  frequently  than  in  controls.  Because  the  cell  boundaries  of 
glomerulosal  cells  are  difficult  to  distinguish  clearly,  the  effect  of  DCA  on 
cell  size  cannot  be  determined  accurately.  On  the  basis  of  the  dimensions  of 
the  clusters  of  glomerulosal  cells  and  the  relative  density  of  nuclei,  there  is 
no  detectable  change  in  cell  size.  The  nuclei  of  glomerulosal  cells  are  unaf¬ 
fected  by  DCA,  the  distribution  curve  of  nuclear  areas  being  similar  to  that 
of  control  glands  (Fig.  1).  Mitochondrial  preparations  do  not  demonstrate 
significant  changes  in  glomerulosal  cells  after  DCA  treatment.  Tests  for 
sudanophilic  lipid  and  cholesterol  remain  negative,  while  the  Schiff  reagent 
and  2-hydroxy-3-naphthoic  acid  hj'drazide  continue  to  stain  the  zona 
glomerulosa  only  faintly  (Fig.  8).  Osmiophilic  lipid  content  varies  region¬ 
ally  as  it  does  in  control  glands  and,  when  the  entire  zona  glomerulosa  in 
several  sections  of  control  and  experimental  adrenals  are  compared,  there 
is  no  apparent  effect  of  DCA  on  the  concentration  of  this  lipid.  Alkaline 
phosphatase  activity  is  negative,  as  it  is  in  control  glands ;  esterase  activity 
is  reduced  only  slightly  after  2  mg.  of  DCA  (Fig.  10). 
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Zona  fasciculata.  In  Bouin-fixed,  Masson-stained  adrenals  of  control 
hamsters,  the  zona  fascicidata  is  composed  of  radialh'  arranged  columns  of 
polyhedral  cells,  separated  l)y  narrow  sinusoids  (Fig.  3).  A  striking  histo¬ 
logical  feature  is  the  absence  of  cytoplasmic  vacuolation,  the  fasciculata 
cells  containing  finely  granular  cytoplasm.  A  clear  juxtanuclear,  canalicu¬ 
lar-like  network,  believed  to  be  the  negative  immage  of  the  Golgi  appara¬ 
tus,  is  seen  occasionally.  Fixation  of  adrenals  in  Regaud’s  fluid  and  staining 
with  iron  hematoxylin  reveals  that  the  cytoplasm  of  fasciculata  cells  is 
filled  with  small  granular  or  rod-like  mitochondria  except  in  the  juxtanu¬ 
clear  area  of  the  negative  Golgi  apparatus  (Fig.  15).  In  addition  to  mito¬ 
chondria,  there  are  present  in  each  cell  several  bodies,  identical  to  mito¬ 
chondria  in  their  staining,  but  which  are  larger,  spheroidal  or  irregular  in 
shape.  These  mitochondria-like  bodies,  or  liposomes  (Knigge,  H)54a),  are 
few  in  number  in  cells  of  the  outermost  fasciculata  and  increase  in  number 
in  the  inner  portion  of  the  fasciculata  and  zona  reticularis.  After  formalin 
fixation,  no  sudanophilic  lipid  or  cholesterol  are  demonstrated,  but  the 
Schiff  reagent  and  2-hydroxy-3-naphthoic  acid  hydrazide  stain  this  zone 
intensely  (Fig.  7).  The  reactive  material  is  not  removed  by  acetone  extrac¬ 
tion  and  is  believed  to  be  associated  with  the  mitochondria  (Knigge, 
1954a).  After  fixation  of  adrenals  in  formol-Zenker-osmic.acid,  osmiophilic 
lipid  droplets  are  not  observed  in  normal  fasciculata  cells  (Fig.  11).  Mod¬ 
erate  to  intense  alkaline  phosphatase  activity  is  demonstrated  in  the  nuclei 
and  cytoplasm  of  fasciculata  cells,  with  the  enzyme  content  of  the  outer¬ 
most  portion  of  the  zona  fasciculata  being  variable  (Fig.  5)r  Esterase  ac¬ 
tivity  is  present  also,  being  more  constant  in  its  intensity  and  restricted  to 
the  cytoplasm  of  the  fasciculata  cells  (Fig.  9). 

Administration  of  2  mg.  of  DCA  produces  an  involution  of  the  zona 
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Explanation  of  Plate  I 

Fig.  3.  Adrenal  cortex  of  a  control  hamster.  The  zona  glomerulosa  is  narrow  and  its 
cells  stain  lighter  than  those  in  the  zona  fasciculata.  Cells  of  the  latter  zone  are  not  vacuo¬ 
lated.  Bouin  fixation,  Masson  stain.  XI 50. 

Fig.  4.  Cortex  of  a  hamster  treated  with  2  mg.  of  DCA.  The  decrease  in  width  of  the 
cortex  is  due  to  reduction  in  size  of  the  zona  fasciculata  cells,  while  the  zona  glomerulosa 
is  unchanged.  Technique  as  in  Fig.  3.  X150. 

Fig.  5.  Alkaline  phosphatase  activity  of  a  control  cortex.  The  zona  glomerulosa  and 
outermost  portion  of  the  zona  fasciculata  exhibit  weak  enzyme  activity.  X125. 

Fig.  6.  Alkaline  phosphatase  activitj*  after  2  mg.  of  DCA.  Enzyme  activity  in  the  zona 
fasciculata  is  reduced  markedly.  X125. 

Fig.  7.  Control  adrenal  cortex,  fixed  in  10%  formalin  and  stained  with  2-hydrox3'-3- 
naphthoic  acid  hydrazide.  The  zona  fasciculata  stains  intensely  while  the  zona  glomerulosa 
is  negative.  XI 25. 

Fig.  8.  After  DCA,  the  staining  with  2-hydroxy-3-naphthoic  acid  hydrazide  is  un¬ 
changed.  X125. 
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fasciculata,  evidenced  by  a  decrease  in  width  of  the  cortex,  and  a  decrease 
in  the  size  of  individual  fasciculata  cells  (Figs.  4,  8,  14).  The  cytoplasm  of 
these  cells  is  somewhat  more  coarsely  granular  than  normal,  although  the 
intensity  of  staining  with  eosin  or  the  acid  fushsin  component  of  the  Mas¬ 
son  stain  is  not  altered  (Fig.  4).  Cytoplasmic  vacuolation,  lipochrome  pig¬ 
ment  or  cell  degeneration  are  not  observed.  The  nuclei  of  fasciculata  cells 
become  smaller  and  exhibit  a  shift  to  the  left  in  the  curve  representing  the 
distribution  of  their  cross-sectional  areas  (Fig.  2).  Mitochondrial  prepara¬ 
tions  reveal  that  mitochondria  in  cells  of  the  zona  fasciculata  are  not  al¬ 
tered  significantly  in  adrenals  of  animals  receiving  0.5  or  1  mg.  of  DCA.  At 
a  dosage  of  2  mg.,  however,  many  cells  contain  mitochondria  which  are 
noticeably  larger  (Fig.  16),  some  of  them  being  increased  to  such  size  that 
differentiation  between  mitochondria  and  liposomes  is  not  possible.  These 
intracellular  bodies  do  not  appear  more  densely  packed  than  normal,  and 
since  the  fasciculata  cells  decrease  in  size,  the  number  of  mitochondria  in 
each  cell  would  appear  to  be  reduced.  When  sections  of  control  and  experi¬ 
mental  adrenals  are  mounted  on  the  same  slide  and  stained  with  iron  hema¬ 
toxylin,  the  adrenals  of  DCA-treated  animals  stain  lighter,  suggesting  that 
the  mitochondria  exhibit  a  reduced  affinity  for  this  stain.  Tests  for  sudano- 
philic  lipid  or  cholesterol  are  negative,  the  intensity  of  staining  with  the 
Schiff  reagent  and  2-hydroxy-3-naphthoic  acid  is  unchanged  (Fig.  8),  and 
osmiophilic  lipid  droplets  do  not  appear  in  the  fasciculata  cells.  Alkaline 
phosphatase  and  esterase  activity  decrease,  with  2  mg.  of  DCA  producing 
the  most  marked  reductions  (Figs.  6,  10). 

Kidney 

The  increase  in  kidney  weight  produced  by  DCA  is  due  to  an  increase  in 
the  tubular  parenchyma,  as  evidenced  by  fewer  glomeruli  seen  per  field  in 
the  treated  animals  as  compared  with  the  controls.  After  DCA,  mitotic 
figures  are  observed  more  frequently  in  the  proximal  tubules,  which  exhibit 


Explanation  of  Plate  II 

Fig.  9.  Control  adrenal  cortex,  fixed  in  80%  alcohol  and  stained  for  esterase  activity. 
The  zona  glomerulosa  exhibits  greater  enzyme  activity  than  does  the  remainder  of  the 
cortex.  X200. 

Fig.  10.  After  2  mg.  of  DCA,  esterase  activity  is  reduced  in  the  zona  fasciculata  while 
that  in  the  zona  glomerulosa  is  affected  only  slightly.  X200. 

Fig.  11.  Control  adrenal  cortex,  fixed  in  formol-Zenker-osmic  acid  and  stained  with 
Altmann’s  acid  fuchsin.  Blackened  osmiophilic  lipid  droplets  are  located  in  a  character¬ 
istic  position  in  the  periphery  of  clusters  of  zona  glomerulosa  cells.  No  osmiophilic  lipid 
is  present  in  the  zona  fasciculata.  X650. 

Fig.  12.  Section  of  control  cortex  as  in  Fig.  11,  showing  an  area  in  which  the  zona 
glomerulosa  contains  little  or  no  osmiophilic  lipid.  X650. 
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a  slight  increase  in  diameter  (44.7  m  as  compared  to  38.5  m  for  the  controls). 
In  animals  treated  with  2  mg.  of  DCA,  the  proximal  tubules  are  consider¬ 
ably  dilated,  with  the  tubular  epithelium  decreased  in  height  and  the 
lumina  containing  marked  amounts  of  granular  debris,  much  of  which 
represents  desquamated  epithelial  cells.  The  kidney  glomeruli  of  DCA- 
treated  animals  appear  normal,  although  the  range  of  .sizes  is  larger  than  is 
observed  in  control  animals. 

Thyroid  gland 

The  histology  of  the  hamsters’  thyroid  is  similar  to  that  of  other  animals, 
consisting  of  rounded  follicles  of  varying  sizes,  which  are  lined  by  a  cu- 
boidal  epithelium.  The  average  height  of  the  epithelium  in  control  animals 
is  10.6  M- 

Administration  of  2  mg.  of  DCA  does  not  alter  the  size  of  follicles  or  the 
staining  properties  of  the  colloid.  The  only  detectable  difference  in  histol¬ 
ogy  of  the  follicular  cells  is  an  accumulation  of  small  refractile,  colloid-like 
droplets  in  the  apical  ends  of  the  cells.  The  average  height  of  the  epithelium 
in  animals  given  2  mg.  of  DCA  is  11.0  y. 

Hypophysis 

The  anatomical  relationships,  total  volume  and  the  relative  size  of  the 
three  principal  parts  of  the  hypophyses  of  male  and  female  hamsters  have 
been  described  (Knigge,  1954a).  The  relative  per  cent  of  acidophils,  baso¬ 
phils  and  chromophobes  in  the  control  male  hypophysis  is  31.8,  14.2,  and 
54.0  respectively. 

One-half  and  1  mg.  of  DCA  do  not  alter  significantly  the  histology  or  rel¬ 
ative  per  cent  of  pituitary  cell  types.  Two  mg.  of  DCA  produces  a  decrease 


Explanation  of  Plate  III 

Fig.  13.  Control  adrenal  cortex,  fixed  in  ReKaud’s  fluid,  sectioned  at  3/i,  and  stained 
with  iron  hematoxylin.  Mitochondria  in  cells  of  the  zona  fasciculata  stain  intensely  while 
those  in  the  zona  glomerulosa  are  faintly  colored.  X400. 

Fig.  14.  After  2  mg.  of  DCA,  the  width  of  the  zona  glomerulosa  and  the  size  of  its 
constituent  cell  clusters  are  unchanged.  Cells  in  the  zona  fasciculata  are  smaller  and 
appear  more  coarsely  granular.  Technique  as  in  Fig.  13.  X400. 

Fig.  15.  An  area  of  the  control  zona  fasciculata  shown  in  Fig.  13.  The  cells  are  filled 
with  mitochondria  which  are  small,  granular  or  rod-like.  Nuclei  are  unstained.  Technique 
as  in  Fig.  13.  XI 200. 

Fig.  16.  Zona  fasciculata  of  cortex  shown  in  Fig.  14.  After  2  mg.  of  DCA,  the  mito¬ 
chondria  in  many  cells  appear  as  large  spheroidal  bodies,  or  liposomes.  Technique  as  in 
Fig.  13.  X1200. 
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in  the  relative  per  cent  of  basophils  (11.9%)  and  an  increase  in  acidophils 
35.0%),  with  many  of  the  latter  type  appearing  partially  degranulated. 

DISCUSSION 

The  zona  glomerulosa  in  adrenals  of  hamsters  is  affected  only  slightly, 
if  at  all  by  DCA  treatment.  Cells  in  this  zone  do  not  exhibit  a  significant 
decrease  in  size  and  the  distribution  curve  of  their  nuclear  areas  is  un¬ 
changed;  mitochondria  are  unaltered,  esterase  activity  remains  intense, 
and  the  osmiophilic  lipid  content  appears  normal.  The  bizonal  theory  of 
adrenal  cortical  secretion  holds  that  mineralo-corticoids  such  as  DCA  are 
secreted  by  the  cells  of  the  zona  glomerulosa,  since  in  the  rat  this  zone  un¬ 
dergoes  selective  compensatory  reduction  of  secretory  activity  when  min¬ 
eralo-corticoids  are  administered.  The  present  study  suggests  that  the  ham¬ 
sters’  zona  glomerulosa  does  not  respond  selectively  to  DCA,  and  indeed, 
experiments  performed  thus  far  on  the  hamster  adrenal  cortex  do  not  con¬ 
clusively  demonstrate  that  glomerulosa!  cells  are  secretory  in  nature. 

The  progressive  decrease  in  adrenal  weight  of  hamsters  given  0.5  to  2 
mg.  of  DCA  is  due  to  a  reduction  of  the  zona  fasciculata  .and  zona  reticu¬ 
laris,  mediated  probably  through  a  decrease  in  secretion  of  corticotropin  by 
the  hypophysis.  At  the  largest  dose  of  DCA  used,  the  adrenal  weight  is  de¬ 
creased  by  33%.  A  state  of  reduced  secretory  activity  is  indicated  because 
the  cells  of  the  zona  fasciculata  exhibit  a  decrease  in  size,  a  reduction  in 
alkaline  phosphatase  and  esterase  activity,  and  a  decrease  in  the  size  of 
their  nuclei  as  reflected  by  a  shift  to  the  left  in  the  distribution  curve  of 
their  cross-sectional  areas.  Quantitative  measurements  of  nuclear  volume 
or  cross-sectional  area  have  been  employed  in  detecting  functional  changes 
in  adrenal  cortical  cells  of  several  species  subjected  to  various  experimental 
conditions  (Barkay,  1942;  Overzier,  1950;  Boguth  et  ah,  1951;  Knigge, 
1954b). 

Mitochondria  may  reflect  the  secretory  activity  of  the  adrenal  cortex 
(Creep  and  Deane,  1949;  Miller,  1953),  since  they  undergo  hypertrophy 
with  increasing  secretory  activity  and  decrease  in  number  and  size  during 
states  of  hypoactivity.  In  the  hamster,  cells  of  the  normal  zona  fasciculata 
are  filled  with  small  mitochondria.  Thirty  or  60  days  after  hypophysec- 
tomy,  fasciculata  cells  are  filled  with  spheroidal  bodies,  or  liposomes,  which 
exhibit  all  the  staining  properties  of  mitochondria,  but  which  are  many 
times  larger  (Knigge,  1954a).  Evidence  has  been  presented  suggesting  that 
such  bodies  represent  altered  or  transformed  mitochondria  (Knigge, 
1954b).  In  the  present  study,  an  apparent  decrease  in  activity  of  fascicu¬ 
lata  cells  is  accompanied  by  an  increase  in  size  of  the  mitochondria,  al¬ 
though  the  number  per  cell  is  reduced.  The  increase  in  size  of  mitochondria 
after  DCA  administration,  however,  is  not  as  marked  as  observed  after 
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hypophysectomy.  Other  changes  observed  after  treatment  with  DCA 
(adrenal  weight,  enzyme  activity,  etc.)  indicate  that  the  involution  of  the 
zona  fasciculata  is  likewise  not  as  marked  as  occurs  after  hypophysectomy. 
The  fact  that  mitochondria  do  not  transform  into  the  typical,  large  lipo¬ 
somes  of  hypophysectomy  further  reflects  an  intermediate  degree  of  atro¬ 
phy  produced  by  the  dosage  and  time  of  administration  of  DCA  used  in 
the  current  experiment.  Some  index  of  the  sensitivity  of  mitochondria  as 
reflectors  of  cortical  cell  activity  can  be  gained  by  noting  that,  although 
0.5  and  1  mg.  of  DCA  produce  a  significant  decrease  in  adrenal  weight,  the 
mitochondria  in  such  adrenals  can  not  be  differentiated  with  certainty 
from  those  in  normal  glands. 

Changes  in  the  hypophyses  of  hamsters  given  2  mg.  of  DCA  include  a 
decrease  in  the  relative  number  of  basophils  and  an  increase  in  acidophils. 
Administration  of  DCA  or  cortisone  produces  an  increase  in  the  cortico¬ 
tropin  content  of  the  rats’  hypophysis  (Cheng  and  Sayers,  1950;  Tuchman- 
Duplessis,  1951a).  It  is  not  known  whether  an  increase  in  corticotropin 
content  occurs  also  in  the  hypophysis  of  hamsters  given  DCA,  but  the 
greater  number  of  acidophils  may  reflect  an  increased  storage.  Changes  in 
the  secretion  of  thyrotropin,  which  is  thought  to  be  formed  by  basophils 
(Halmi,  1950;  Purves  and  Griesbach,  1951),  may  be  responsible  for  a  de¬ 
crease  in  this  cell  type  in  the  hamster  hypophysis  after  DCA,  but  there  are 
no  significant  changes  in  the  histology  of  the  thyroid  or  the  height  of  the 
follicular  epithelium  to  suggest  this. 


SUMMARY 

Young  adult  male  hamsters  were  given  0.5,  1,  or  2  mg.  of  DCA  daily  for 
10  days,  without  affecting  the  weight  of  the  body,  heart  or  thymus.  The 
adrenals  exhibit  a  progressive  involution,  with  2  mg.  of  DCA  producing  a 
33%  weiglit  loss.  The  zona  glomerulosa  does  not  appear  to  undergo  a  selec¬ 
tive  compensatory  atrophy,  in  that  the  width  of  this  zone,  the  size  of  its 
constituent  cells  and  their  nuclei,  esterase  activity,  and  osmiophilic  lipid 
content  are  not  altered  by  DCA.  Cells  of  the  zona  fasciculata  decrease  in 
size  and  exhibit  a  reduction  in  alkaline  phosphatase  and  esterase  activity. 
Sudanophilic  or  osmiophilic  lipid  or  cholesterol  do  not  appear  after  DCA 
administration,  while  the  staining  with  the  Schiff  reagent  or  2-hydroxy-3- 
naphthoic  acid  hydrazide  is  unchanged.  The  nuclei  of  fasciculata  cells  de¬ 
crease  in  size.  The  number  of  mitochondria  per  cell  is  decreased,  but  their 
size  is  increased. 

Kidney  weight  is  increased  55%  by  all  three  dosages.  The  height  of  the 
follicular  epithelium  of  the  thyroid  is  not  altered  significantly.  Pituitary 
basophils  are  decreased,  while  acidophils  are  increased. 
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THE  EOSINOPENIC  RESPONSE  TO  GRADED  DOSES  OF 
HYDROCORTISONE  IN  THE  ADRENALECTOiMIZED 
DOG  WITH  AND  WITHOUT  SURGICAL  TRAUIVIA' 

A.  T.  COWIE,2  W.  F.  GANONG*  and  D.  M.  HUME^ 

IXTRODUCTIOX 

IT  HAS  been  suggested  that  the  secretion  of  corticotrophin  by  the  an¬ 
terior  pituitary  is  regulated  bj’  the  blood  level  of  adrenal  steroids 
(Sayers  and  Sayers,  1948).  This  hypothesis,  based  on  indirect  experimental 
evidence,  holds  that  in  stress  the  body  utilizes  corticoids  at  a  rate  greater 
than  normal,  with  resultant  lowering  of  the  blood  level  of  adrenal  corti¬ 
coids.  The  pituitary,  according  to  this  concept,  responds  to  this  lowered 
level  of  adrenal  steroids  by  increasing  the  secretion  of  ACTH. 

In  the  present  report,  the  eosinopenic  response  of  adrenalectomized  dogs 
to  graded  doses  of  hydrocortisone  has  been  compared,  with  and  without  the 
addition  of  surgical  trauma.  If  tissue  utilization  of  corticoids  by  the  trau¬ 
matized  animal  were  to  lead  to  decreased  blood  corticoid  levels,  one  might 
expect  to  see  a  lessened  eosinopenia  in  the  traumatized  animal.  This  was 
not  the  case,  however.  A  preliminary  report  of  this  work  was  made  by 
Hume  (1952). 


MATERIALS  AND  METHODS 

Ten  to  15  kg.  mongrel  dogs  of  both  sexes  were  used.  They  were  fed  a  diet  of  horsemeat 
and  Ken-L  Biskit.®  They  were  adrenalectomized  in  two  stages  a  week  to  10  days  apart. 
At  the  second  stage  a  125  mg.  desoxycorticosterone  acetate  pellet®  was  implanted  sub¬ 
cutaneously,  and  the  animals  were  maintained  on  added  salt,  one  gram  a  day,  for  a  i)eriod 
of  one  week.  Subsequently  they  received  no  special  treatment. 

The  dogs  were  tested  by  injecting  a  given  dose  of  hydrocortisone  into  the  femoral  ar- 
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tery.  Hydrocortisone  acetate  (Merck),  25  mg.  per  cc.,  was  diluted  with  saline  to 
achieve  the  desired  concentration,  and  injected  in  a  constant  volume  of  one  cc.  of  fluid. 
Blood  for  eosinophil  counts  was  drawn  into  oxalate  tubes  before  the  start  of  the  pro¬ 
cedure  and  2,  4,  and  6  hours  later.  Absolute  eosinophil  counts  were  done  according  to 
the  method  described  by  Recant  et  al.  (1950),  with  the  exception  that  0.1%  eosin  was 
used  to  make  up  the  diluting  fluid  instead  of  2%.  Seven  to  21  daj's  later  a  “standard 
operation”  was  performed,  and  10  minutes  after  the  beginning  of  this  trauma,  the  same 
dose  of  hydrocortisone  was  injected  into  the  femoral  artery  above  J;he  site  of  the  muscular 
trauma.  A  “standard  operation”  consists  of  making  a  14  cm.  incision  through  skin,  sub¬ 
cutaneous  tissue,  and  fascia  of  the  hind  leg,  and  dividing  the  underlying  muscle  in  the 
direction  of  its  fibers.  The  muscle  edges  are  then  retracted  ai)art,  and  the  muscle  is  freed 
up  underneath.  All  bleeding  points  are  tied  off,  and  the  wound  is  closed  in  layers  with  fine 
cotton  sutures.  The  operation  is  done  under  pentothal-induced  ether  anesthesia  and 
timed  to  take  exactlj'  30  minutes.  Eosinophil  counts  were  taken  as  before,  at  0,  2,  4,  and 
6  hours,  starting  with  the  beginning  of  the  operation. 

In  some  dogs  more  than  one  determination  was  done  at  each  dose  level,  and  the  re¬ 
sults  were  averaged.  Not  all  dose  levels  were  tested  on  all  dogs,  but  whenever  possible 
eosinophil  falls  with  and  without  trauma  for  a  given  dose  of  hydrocorti.sone  were  paired. 
In  addition,  mean  values  for  all  determinations  were  obtained.  The  eosinophil  falls  at 
2,  4,  and  6  hours  showed  similar  curves  at  the  various  dose  levels,  but  since  the  eosino- 
penia  was  usually  maximal  at  4  hours,  the  4  hour  results  only  have  been  given  in  this  re- 
l)ort. 

In  four  of  the  adrenalectomized  dogs  in  this  series  “standard  operations”  were  per¬ 
formed  without  the  administration  of  hydrocorti.sone.  “Standard  operations”  were  also 
done  in  9  other  adrenalectomized  dogs. 


RESULTS 

Table  1  summarizes  the  responses  of  these  animals  to  various  doses  of 
hydrocortisone  with  and  without  surgical  trauma.  The  results  are  com¬ 
puted  on  a  log  dose  basis.  It  is  apparent  that  surgical  trauma  does  not  de¬ 
crease  the  eosinopenic  effect  of  the  injected  hydrocortisone.  Indeed,  at 
lower  dose  levels,  there  is  a  tendency  for  the  eosinophil  fall  with  operation 
to  be  greater  than  it  is  without.  There  was  considerable  variation  in  the 
eosinophil  counts  as  might  be  expected,  and  in  a  few  instances,  when  the 
number  of  dogs  used  for  the  determination  of  a  particular  dose  response 
was  small,  the  standard  error  of  the  mean  4-hour  eosinophil  fall  was  large. 
However,  the  mean  eosinophil  counts  all  follow  a  consistent  pattern.  At  the 
0.3  mg.  dose  level,  the  mean  4-hour  eosinopenic  response  to  hydrocortisone 
plus  trauma  is  significantly  greater  (P  <0.001)  than  the  mean  response  to 
hydrocortisone  alone.  Regre.ssion  lines  were  fitted  by  the  method  of  least 
squares  to  both  sets  of  data,  using  all  the  results  at  the  various  dose  levels. 
These  log  dose  response  curves  are  shown  in  Figure  1,  as  are  the  mean  4- 
hour  responses.  The  slopes  of  the  two  regression  lines  are  significantly  dif¬ 
ferent  (P  =  0.02).  Thus,  while  the  lowest  dose  of  hydrocortisone  produces 
the  greater  eosinopenic  response  in  adrenalectomized  dogs  when  associated 
with  trauma,  increases  in  dosage  produce  smaller  increments  in  the  eosino- 
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Table  1 

The  mean  4-hour  eosinophil  fall  in  per  cent  at  the  various  dosage  levels  of  hydrocortisone 
with  and  without  operative  trauma  in  the  adrenalectomized  dog.  In  the  last  column  the  per¬ 
centage  difference  between  the  eosinophil  fall  with  trauma  and  that  without  trauma  is  given 
at  the  various  dosage  levels  for  those  animals  who  had  paired  tests.  There  is  a  significant 
difference  between  the  eosinophil  fall  with  and  without  trauma  at  the  lowest  dosage  level, 
whereas  no  effect  of  trauma  is  noted  in  the  higher  dosage  levels.  Operative  trauma  alone  did 
not  produce  an  eosinopenia. 


Dose  of 
hydrocortisone 
(mg.) 

Operation 

Mean  4-hour 
eosinophil 
fall  (%) 

Standard 
error  of 
mean 

Number  of 
animals 

%  fall  with 
operation  minus 
%  fall  without 
(Paired  tests 
only) 

0.31 

+ 

5.1 

31.5 

±3.1 
±  4.4 

7 

4 

-22.5 

0.63 

_ 

22.8 

±  6.1 

10 

+ 

34.0 

±  5.9 

8 

1.25 

_ 

34.7 

+  8.9 

7 

+ 

±20.4 

3 

*T  .  O 

2.50 

— 

59.0 

+  11.2 

7 

47.8 

±  7.7 

6 

5.0 

62.5 

+  6.3 

4 

4- 

63.7 

±  4.7 

3 

penic  response  when  trauma  accompanies  tlie  hydrocortisone  than  are  ob¬ 
tained  when  no  trauma  is  present.  Therefore,  when  the  higher  dose  levels 
are  reached  the  responses  converge,  and  no  effect  of  trauma  is  evident. 

When  only  the  paired  results  are  considered,  the  pattern  of^events  is  es¬ 
sentially  the  same,  and  the  level  of  responses  conv^erge  at  the  higher  dose 
levels.  (See  Table  1.) 

A  “standard  operation”  without  injected  hydrocortisone  was  accom¬ 
panied  by  a  10%  eosinophil  rise  at  4  hours  in  the  4  animals  in  this  series  in 
which  it  was  done.  In  a  larger  series  of  9  other  adrenalectomized  dogs  the 
4-hour  eosinophil  change  following  “standard  operation”  was  a  1%  rise 
over  the  0-hour  value. 


DISCUSSION 

It  has  been  fairly  well  established  that  in  the  adrenalectomized  mouse, 
the  eosinopenia  produced  by  adrenal  corticoids  is  roughly  proportional  to 
the  dose  until  the  eosinophil  fall  reaches  a  maximum  (Speirs  and  Meyer 
1951;  Bibile  1953).  Greater  dosage  cannot,  of  course,  produce  a  fall  greater 
than  100%,  and  thus  the  curve  levels  off.  Our  results  confirm  this  impres¬ 
sion,  the  log  dose  response  being  approximately  a  straight  line  over  the  dos¬ 
age  range  of  0.3  to  5.0  mg. 

The  hypothesis  on  which  this  study  was  predicated  was  that  if  trauma 
caused  increased  body  utilization  of  corticoids,  less  of  the  injected  hydro- 
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MEAN  4-HOUR 
EOSINOPHI  L 
FALL  (%) 


'  LOG  DOSE  (M6M)  HYDROCORTISONE 

Fig.  1 .  Tlie  effect,  in  adrenalectomized  doK«,  of  intra-arterial  hydrocortisone  on  the 
blood  eosinopliil  level  with  and  without  concurrent  sui'Kical  trauma.  The  interrupted 
line  is  the  log-dose  response  curve  when  hydrocortisone  was  given  without  trauma;  the 
solid  line  is  the  log-dose  resjionse  curve  when  it  was  given  with  trauma.  It  may  be  seen 
that  at  the  lower  dose  levels  there  is  a  greater  4-hour  eosinojihil  fall  in  the  traumatized 
animals  than  in  the  non-traumatized  animals.  At  the  higher  dose  levels  there  is  no  sig¬ 
nificant  difference  between  the  two  curves. 

cortisone  would  be  available  to  lower  the  eosinophil  count,  and  accordingly, 
with  operation,  greater  doses  would  be  required  to  produce  comparable 
eosinopenia.  This,  however,  was  not  the  case.  Indeed,  at  the  lower  dose 
levels  of  hydrocortisone  the  eosinopenia  was  greater  when  trauma  accom¬ 
panied  the  hj'drocortisone  injection.  This  was  particularly  true  of  the  low¬ 
est  dose,  which  gave  a  minimal  fall  (5%)  in  non-traumatized  adrenalecto¬ 
mized  dogs,  but  a  31%  fall  when  the  animals  were  traumatized.  At  the 
higher  dose  levels  trauma  had  no  effect  on  the  eosinopenic  response  to  in¬ 
jected  hydrocortisone.  At  first  sight  these  results  would  appear  to  indicate 
that  surgical  trauma  has  a  non-specific  eosinophil-lysing  effect  independent 
of  the  adrenal  hormones.  This,  however,  is  not  the  case,  since  the  mean 
eosinophil  change  in  4  hours  following  surgical  trauma  without  injected 
hydrocortisone  in  these  animals  was  a  10%  rise.  Moreover,  in  a  larger  series 
of  adrenalectomized  dogs  subjected  to  a  standard  surgical  trauma  similar 
to  that  used  in  this  study  the  mean  4  hour  eosinophil  change  was  a  1%  rise. 
Some  other  explanation  for  the  increased  eosinopenia  with  trauma  must 
therefore  be  sought. 

A  simple  explanation  which  would  appear  to  fit  the  observed  facts  may 
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be  tentatively  put  forward,  althouKb  at  present  there  are  no  experimental 
results  to  support  it.  It  seems  reasonable  to  assume  that  the  minimal  dose 
of  hydrocortisone  is  rapidly  inactivated  or  removed  from  the  general  circu¬ 
lation.  If,  however,  the  rate  of  inactivation  or  removal  were  retarded  by 
some  process  such  as  the  temporary  depression  of  hepatic  function  incident 
to  anesthesia  and  trauma,  then  the  hydrocortisone  would  have  a  greater 
opportunity  to  effect  the  eosinophils.  This  would  be  particularly  marked 
with  minimal  or  near  minimal  doses,  whereas  with  larger  doses  any  de¬ 
creased  destruction  of  the  corticoids  would  be  relatively  insignificant  in 
comparison  to  the  total  quantity  in  circulation  and  so  would  not  be  re¬ 
flected  in  the  eosinopenic  response.  Hence  the  convergence  of  the  results 
at  the  higher  dose  levels.  In  future  work  it  is  evident  that  the  effect  of  an¬ 
esthesia  and  trauma  on  corticoid  conjugation  and  excretion  must  be  further 
investigated. 

In  summary,  our  results  indicate  that  there  is  no  increased  utilization  of 
injected  hydrocortisone  in  the  traumatized  adrenalectomized  dog  under  the 
conditions  of  the  experiment.  Somewhat  similar  results  have  been  obtained 
in  humans  by  Thorn  et  al.  (1953),  who  found  that  the  amount  of  17-hydrox- 
ycorticoids  appearing  in  the  urine  of  Addisonian  patients  after  the  injec¬ 
tion  of  a  given  dose  of  cortisone  was  essentially  the  same  with  or  without 
surgical  trauma. 


SUMMARY 

1.  The  eosinopenic  effect  of  graded  doses  of  hydrocortisone  injected 
into  the  femoral  artery  of  the  adrenalectomized  dog  has  been  determined, 
and  has  been  compared  with  the  eosinopenic  effect  of  the  same  doses  of 
hydrocortisone  in  the  pre.sence  of  surgical  trauma  to  the  injected  limb. 

2.  With  the  lower  dose  levels  of  hydrocortisone  a  greater  eosinopenic 
response  was  obtained  in  the  presence  of  surgical  trauma.  It  is  suggested 
that  this  may  be  due  to  the  decreased  destruction  or  excretion  of  the  in¬ 
jected  corticoid  as  a  consequence  of  hepatic  depression  incident  to  anes¬ 
thesia  and  or  trauma. 

3.  At  the  higher  dose  levels  surgical  trauma  did  not  significantly  effect 
the  eosinopenic  response. 

4.  These  findings  fail  to  demonstrate  an  increased  tissue  utilization  of 
corticoids  by  the  injured  animal. 

5.  The.se  and  other  data  throw  doubt  on  the  hypothesis  that  increased 
corticoid  utilization  is  responsible  for  the  pituitary  release  of  ACTH  in 
respon.se  to  operative  trauma. 
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ENDOCRINE  INFLUENCES  ON  THE  DEVELOPMENT  OF 
THE  RUDIMENTARY  GONAD  OF  FOWL' 

WALTER  KORNFELD2  and  ANDREW  V.  NALBANDOV 

Department  of  Animal  Science,  University  of  Illinois,  Urbana,  Illinois 

The  right  gonad  of  the  female  domestic  fowl  ceases  to  grow  at  about 
the  ninth  day  of  incubation,  when  sex  differentiation  is  about  com¬ 
pleted,  and  regresses  subsequently  until,  at  the  time  of  hatching,  only  a 
small  rudiment  remains.  In  the  mature  domestic  hen  only  the  left  gonad  is 
fully  developed  and  functioning  as  an  ovary,  but  Erode  (1928)  was  able  to 
show  conclusively  that  the  right,  rudimentary  gonad  is  present  as  well. 

Whenever  the  normal  left  ovary  is  removed  surgically  or  is  destroyed  by 
disease,  the  right  rudiment  hypertrophies  into  an  endocrinologically  func¬ 
tional  compensatory  gonad  which  is  always  located  in  an  area  extending 
from  the  right  adrenal  caudad  for  a  varying  distance  along  the  posterior 
vena  cava.  Rudiments  may  develop  into  testes,  ovaries,  or  ovotestes.  Domm 
(1927,  1939),  working  with  Brown  Leghorns  reported  that  of  102  ovariec¬ 
tomies,  98%  developed  testis-like  compensatory  gonads,  while  the  remain¬ 
ing  2%  had  ovotestes  and  ovaries. 

The  factors  which  suppress  the  rudiment  in  the  presence  of  the  left  gonad 
have  remained  unknown.  It  is  the  purpose  of  this  paper  to  report  on  the 
probable  endocrine  interrelation  between  the  ovary  and  the  rudimentary 
gonad  of  female  domestic  fowl. 

MATERIALS  AND  METHODS 

Female  White  LeKhorn  chicks  were  used  in  all  experiments.  Sinistral  ovariectomies 
were  performed  from  5  to  27  days  after  hatching.  The  method  employed  in  producing 

Received  for  publication  May  17,  1954. 

‘  We  wish  to  thank  Dr.  H.  W.  Norton  for  his  help  with  the  statistical  analysis  and 
Dr.  L.  V.  Domm  for  demonstrating  his  techniques  of  ov'ariectomy,  Drs.  W.  H.  ^IcShan 
and  R.  K.  Meyer  (Univ.  of  Wisconsin),  and  Irby  Bunding  (Armour  and  Co.)  for  gona¬ 
dotrophic  hormone  preparations,  Dr.  J.  L.  Davidson  (Upjohn  Company)  for  estradiol 
cyclopentylpropionate,  Schering  Corporation  for  estradiol  benzoate  and  progesterone, 
Ciba  Pharmaceutical  Products  Inc.  for  testosterone  propionate  pellets,  and  E.  R.  Squibb 
and  Sons  for  prolactin. 

*  Submitted  in  partial  fulfillment  of  the  requirements  for  the  degree  of  Doctor  of 
Philosophy  in  the  Department  of  Animal  Science  in  the  Graduate  College  of  the  Uni¬ 
versity  of  Illinois,  Urbana.  Present  Address:  School  of  Veterinarj-  Medicine,  Depart¬ 
ment  of  Physiology  and  Pharmacology,  The  University  of  Georgia,  Athens,  Georgia. 


751 


752 


KORXFELD  AND  NALBANDOV 


Volume  55 


the  poulards  was  essentially  the  one  originated  by  Domm  (1927).  Birds  were  starved 
for  12  to  24  hours  prior  to  the  operation.  Anesthesia  was  produced  with  intra-peritoneal 
nembutal,  and,  while  the  bird  rested  on  its  right  side,  an  incision  was  made  into  the  body 
cavity  as  close  to  the  spine  as  could  be  done  without  damage  to  the  kidneys  from  sub.se- 
quent  retraction.  The  ovary  was  brought  into  full  view  by  pushing  aside  the  intestine, 
its  peritoneal  covering  was  torn  and  the  ovarian  tissue  removed  as  completely  as  possible 
by  blunt  dissection.  Finally  the  whole  area  was  electrocauterized  in  order  to  destroy  all 
remnants  of  ovarian  tissue.  The  surface  of  the  left  adrenal  whicJi  is  normally  in  contact 
with  the  ovary  was  also  cauterized.  While  amount  of  cautery  was  held  to  a  minimum,  the 
possibility  of  damage  to  the  rudimentary  gonad  from  radiant  heat  cannot  be  excluded. 

Poulards  were  assigned  randomly  to  treatments  and  to  compartments  of  a  finishing 
battery.  In  studying  the  effects  of  hypophysectomy  on  the  hypertrophied  gonad,  birds 
hatched  two  weeks  apart  were  used.  Poulards  from  each  hatch  were  distributed  randomly 
among  treatments  in  order  to  achieve  a  uniform  distribution  of  the  two  age  groups.  All 
hormones  were  injected  subcutaneously,  once  daily.  Steroids  were  dissolved  in  corn  oil 
(Mazola)  and  pituitary  hormones  were  made  up  in  distilled  water.  Injection  site  was 
alternately  the  right  and  left  pectoral  region.  In  experiments  involving  the  injection  of 
steroid  hormones  only,  all  groups  were  injected  with  a  like  volume.  The  control  group 
received  corn  oil  only.  In  all  other  experiments  the  controls  were  not  treated. 

Initial  and  final  body  weights  and  comb  sizes  were  obtained  in  all  exi)eriments.  The 
product  of  comb  length  and  comb  height,  recommended  by  Jones  amj  Lamoreux  (1943) 
as  a  sensitive  index  of  the  level  of  androgen  secretion,  was  used  to  comi)are  comb  sizes. 

At  the  termination  of  each  ex|)eriment  and  within  12  to  24  hours  from  the  time  of  the 
last  injection,  all  birds  were  killed  by  luxation  of  cervical  vertebrae.  Macroscopically 
distinct  rudiments  and  all  structures  found  in  the  general  location  previously  occupied 
by  the  ovary,  and  the  oviducts  were  dissected  out  and  fixed  in  Bouin’s  solution.  After 
thorough  fixation  these  tissues  were  superficially  dried  by  blotting  and  weighed  to  the 
nearest  milligram.  All  rudiments  and  all  structures  suspected  of  being  gonadal  regenera¬ 
tions  were  embedded  in  paraffin,  sectioned  at  seven  microns,  mounted  and  stained  with 
Milligan’s  (1946)  trichrome  stain.  In  characterizing  the  type  of  rudiment  produced  we 
have  followed  the  convention  of  reserving  the  term  ovotestes  for  the  gonads  containing 
follicles  as  well  as  medullary  tubules  with  lumina. 

Domm  (1932)  reported  the  i)erplexing  incidence  of  oviducts  distended  with  fluid.  The 
watery  secretion  of  these  oviducts  giv^es  a  positive  Heller’s  ring  test  for  albumin.  These 
abnormal  oviducts  with  thin  and  inelastic  walls,  occur  regularly  in  a  small  number  of 
poulards  and  they  were  excluded  from  our  data.  The  weights  of  normal  oviducts  were 
used  as  an  index  of  estrogen  secretion. 

RESULTS 

Because  tlie  rudimentary  gonad  proliferates  only  in  the  absence  of  the 
ovary,  it  seemed  logical  to  investigate  if  the  growth  of  the  compensatory 
gonad  after  ovariectomy  could  be  prevented  with  exogenous  sex  hormones. 
Because  the  ovary  secretes  both  androgen  and  estrogen,  hormones  repre¬ 
sentative  of  these  groups  were  tested  first. 

While  estrogen  secretion  cannot  be  determined  by  external  inspection 
of  live  chicks,  the  response  of  the  comb  to  androgen  serves  as  a  very  con¬ 
venient  and  sensitive  criterion  for  estimating  the  time  of  onset  of  endocrine 
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function  of  the  rudiment.  Preliminary  observations  had  indicated  that  red¬ 
dening  of  the  comb  of  White  Leghorn  poulards  begins  about  50  days  after 
ovariectomy  of  the  three  week  old  birds.  Based  on  this  finding  hormone 
therapy  was  initiated  prior  to  that  age. 

Inhibition  of  growing  rudiment  by  hormone  implants.  Birds  ovariecto- 
mized  at  8  to  18  days  of  age  were  used.  Treatment  was  begun  when  the 
birds  were  02  days  old,  before  comb  development  had  given  evidence  of 
gonadal  function,  and  it  was  continued  for  0  weeks.  At  the  end  of  the  ex¬ 
perimental  period  all  birds  were  sacrificed. 

In  this  experiment  we  wanted  to  study  the  qualitative  rather  than  the 
quantitative  effect  of  ovarian  hormones.  For  this  reason  hormone  pellets 
of  diethylstilbestrol  (18  mg.)  or  of  testosterone  propionate  (30  mg.)  were 
implanted  subcutaneously  in  the  pectoral  area.  The  pellets  were  dislodged 
once  weekly  to  prevent  encapsulation  and  they  were  replaced  by  new  pel¬ 
lets  after  three  weeks. 

Experimental  data,  of  which  a  preliminary  account  was  given  by  Korn- 
feld  (1953)  and  Kornfeld  and  Nalbandov  (1953),  are  summarized  in  Table 
1.  Rudiments,  too  small  to  be  macroscopically  definite  structures,  were  as¬ 
sumed  to  be  completely  inhibited  and  were  arbitrarily  assigned  a  weight  of 
zero.  Even  so,  the  measurement  of  the  weight  of  the  smallest  visible  rudi¬ 
ments  was  frequently  inaccurate,  because  unrelated  connective  tissue  was 
removed  with  many  of  the  structures  which  had  poorly  defined  boundaries. 

Differences  between  the  mean  rudiment  weight  of  all  three  groups  were 
highly  significant  (P<0.()1),  indicating  that  both  estrogen  aivd  androgen 
implants  had  depressed  the  compensatory  gonad,  but  that  estrogen  was 
far  more  effective.  Androgen  did  not  increase  oviduct  weight  significantly. 
Its  effect  upon  comb  growth  was  highly  significant  (P  <0.01)  as  expected. 
The  effect  of  the  diethylstilbestrol  implants  upon  oviduct  weight,  comb 
growth,  and  gonad  weight  was  highly  significant  (P<0.01).  The  last  two 
effects  parallel  these  associated  with  the  “physiological  hypophysectomy” 
of  males  (Nalbandov  and  Baum,  1948). 

Following  estrogen  treatment  only  4  of  11  rudiments  were  visible  to  the 
naked  eye  and  their  mean  weight  was  only  17  mg.  The  remaining  7  rudi- 


Table  1.  Effects  of  implants  of  androgen  and  estrogen  on  growing 

RUDIMENTARY  GONADS  OF  POULARDS 


No.  of 
observa¬ 
tions 

Treatment 

Increase  of 
comb  area  (%) 

Rudiment 
weight  (mg.) 

Type  of  rudiment  developed 

Oviduct 
weight  (mg.) 

Mean 

SI) 

Mean 

SD 

Testes 

Ovaries 

Ovo- 

testes 

None 

Mean 

SD 

14  (13)* 

None 

197 

88 

92 

,54 

10 

1 

3 

0 

208 

192 

II  (9)* 

Estrogen 

29 

15 

t> 

9 

1 

3 

0 

7 

4488 

5021 

14  (13)* 

Androgen 

152.1 

326 

52 

26 

10 

2 

1 

1 

226 

378 

♦  Number  of  observations  of  oviduct  weight  (distentions  omitted). 
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ments  were  assigned  the  weight  of  zero  mg.  It  is  perhaps  interesting  to  note 
that  microscopical  examination  showed  that  of  the  four  rudiments  only  one 
was  testicular.  This  ratio  of  1 :3  for  estrogen  treatment  differs  remarkably 
from  the  10:4  for  controls  and  10:3  ratios  for  androgen  treatment  (Table 
1).  The  possible  significance  of  this  finding  ^\'ill  be  discussed  later. 

Inhibition  of  growing  rudiment  by  estrogen  injection.  While  these  results, 
recently  confirmed  by  Taber  and  Salley  (1954),  conclusively  demonstrated 
the  inhibition  of  the  growth  of  compensatory  gonads  of  poulards  with  exog¬ 
enous  estrogen  or  androgen,  the  quantities  of  hormone  used  were  admit¬ 
tedly  unphysiological.  In  immature  female  chicks  in  which  the  ovary  ap¬ 
pears  to  be  endocrinologically  non-functional  the  rudiment  does  not  de¬ 
velop  beyond  microscopic  size.  The  oviducts  in  such  chicks  remain  small 
and  unstimulated  until  a  few  weeks  before  sexual  maturity.  If  estrogens 
prevent  the  development  of  the  rudiment  in  the  normal,  growing  female, 
then  they  must  be  secreted  in  such  small  amounts  that  the  oviduct  is  not 
stimulated.  Because  stimulation  of  the  oviduct  is  the  generally  accepted 
criterion  of  estrogen  production  in  birds,  amounts,  too  small  to  affect  that 
structure,  are  likely  to  remain  undetected.  It  was  the  purpose  of  the  next 
experiment  to  test  the  effect  on  the  rudiment  of  estrogen  levels  which  might 
occur  in  vivo. 

Birds,  ovariectomized  at  9  to  15  days  of  age,  were  assigned  to  seven 
groups  for  the  administration  of  graded  dosages  of  estradiol  cyclopentyl- 
propionate,  Upjohn  (ECP).  Dosages  were  adjusted  every  10  days  to  the 
mean  body  weight  of  each  group.  The  amounts  of  ECP  injected  per  100 
gm.  of  body  weight  were:  0,  2,  4,  8,  16,  32  and  64  Mg-  respectively. 

Treatment  started  about  15  days  after  ovariectomy  when  the  birds  were 
31  days  old  and  before  the  gro^^■ing  rudiment  had  begun  to  stimulate  the 
comb  visibly.  The  experiment  was  terminated  when,  after  72  daily  injec¬ 
tions,  all  birds  receiving  no  estrogen  had  bright  red  combs,  indicative  of 
androgen  secretion,  and  presumably,  of  gonadal  function. 

Again,  rudiments,  too  small  to  be  macroscopically  definitive  structures, 
were  assumed  to  be  completely  inhibited  and  were  arbitrarily  assigned  a 
weight  of  zero  (Tables  2  and  3).  Statistical  analysis  showed  that  maximal 
inhibition  of  the  rudiment  and  the  most  pronounced  changes  in  the  type  of 
rudiment  produced,  were  already  obtained  on  the  lowest  dose  of  estrogen 
used  (Table  3).  This  indicates  that  we  have  failed  to  establish  the  minimum 
effective  dose  of  estrogen  in  this  experiment.  There  is  a  highly  significant 
non-linear  relation  between  oviduct  weight  and  dose,  which  is  linear  for 
their  logarithms  (except  for  the  points  at  doses  0  and  2  Mg-  which  do  not 
differ  significantly).  This  indicates  a  threshold  at  about  3.4  Mg-  with  95% 
confidence  limits  at  1.6  and  7.0  Mg- 

Although  the  small  number  of  observations  precludes  statistical  signifi- 
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Table  2.  Effect  of  estrogen  on  the  development 

OF  THE  COMPENSATORY  GONAD  OF  POULARDS 


Daily  ECP  dose 
in  iig./lOO  gm. 
of  body  weight 

Total 
number  of 
observations 

Total 

number 

rudiments 

inhibited 

Type  of  rudiment  developed 

Testes  Ovaries  Ovotestes 

0 

8 

0 

4 

0 

4 

2 

9 

7 

1 

0 

1 

4 

() 

4 

1 

1 

0 

8 

9 

7 

1 

0 

1 

](> 

7 

4 

0 

1 

2 

32 

10 

7 

0 

0 

3 

()4 

10 

9 

0 

1 

0 

Total 

59 

38 

Total: 

21 

cance,  it  is  interesting  that  no  testicular  compensatory  gonad  was  observed 
on  the  higher  dosages  of  estrogen  (16  Mg-/100  gm.  of  body  weight  and 
above).  This  apparent  estrogen  effect  parallels  that  observed  in  the  first  ex¬ 
periment  and  is  similar  to  results  obtained  in  embryos  in  which  Willier  et 
al.  (1937)  found  that  in  general,  irrespective  of  sex  genotype,  androgens 
tend  to  bring  into  expression  the  male  tissue  components  while  estrogen 
brings  out  the  female  ones. 

Effect  of  estrogen  on  estahlished  rudiments.  In  the  previous  experiment  we 
have  shown  that  very  small  daily  doses  of  estrogen  inhibit  the  early  growth 
of  the  rudimentary  gonad  of  poulards,  and  it  now  became  of  interest  to 
determine  whether  the  established  and  functional  compensatory  gonad 
remains  equally  sensitive  to  estrogen. 

Poulards  which  had  been  ovariectomized  at  5  to  8  days  of  age,  were  al¬ 
lowed  to  become  147  days  old  before  injections  were  started.  The  birds 
were  assigned  to  four  groups  for  the  administration  of  graded  dosages  of 
ECP. 

Because  the  oviduct  weight  of  birds  with  ovaries  and  possibly  with  ovo- 
testes  (there  was  only  one  bird  with  an  ovotestis  among  the  controls  and 


Table  3.  Effect  of  graded  dosages  of  estrogen  on  immature  poulards 


Number  of 
observa¬ 
tions 


Daily  ECP 
dose  in 

mR./IOO  gm.  of 
body  weight 


Increase  in 
comb  area  (%) 


Mean  SD 


Rudimentary  Oviduct 

gonad  weight  weight 

(mg.)  (mg.) 


Mean  SD  Mean  SD 


8(8)* 

0 

232 

57 

79 

47 

128 

59 

9(7)* 

2 

121 

80 

15 

39 

136 

39 

6(5)* 

4 

92 

20 

13 

26 

187 

102 

9  (6)* 

8 

83 

30 

5 

10 

401 

122 

7(7)* 

16 

60 

33 

12 

15 

619 

295 

10(10)* 

32 

49 

15 

7 

11 

2942 

1706 

10(9)* 

64 

45 

34 

10 

31 

4497 

1469 

Number  of  observations  of  oviduct  weight  (distentions  omitted). 
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Table  4.  Graded  dosa(;e  eekect  of  ECP  on  foulards  with 

TESTICULAR  COMPENSATORY  OONADS 


Number  of 
observa- 

Daily 
doset  of 
ECP  in 

Increase  in  comb 
area  (%)  during 
treatment 

Gonad  weight 
(iiiK-) 

Oviduct  weight 
(mg.) 

/ug./bird 

Mean 

SD 

Mean 

SD 

■Mean 

SD 

8(7)* 

0 

70 

08 

394 

300 

2,413 

3,850 

7(7)* 

25 

20 

10 

322 

349  • 

7,840 

5,753 

11  (9)* 

50 

52 

88 

255 

175 

8,507 

4,747 

6  (6)* 

100 

72 

40 

047 

298 

20,803 

11,100 

*  Number  of  observations  of  oviduct  weight  (distentions  omitted), 
t  The  dose  indicated  was  increased  eight  fold  for  the  last  3  of  25  daily  injections. 


its  oviduct  weiglied  7,545  mg.)  suggested  a  different  level  of  endogenous 
estrogen  from  the  rest  of  the  group,  and  because  their  small  number  was 
not  evenly  distributed  among  all  treated  groups,  data  from  birds  with  non- 
testicular  gonads  were  not  included  in  the  statistical  analysis.  Because 
these  birds  were  no  longer  growing  rapidly  (their  mean  body  weight  in¬ 
creased  about  10%  during  the  period  of  treatment),  it  was  not  considered 
necessary  to  adjust  dosages  to  body  weight.  For  ease  of  comparison  with 
the  data  of  the  earlier  experiment,  it  should  be  stated  that  the  group  ad¬ 
ministered  the  highest  dose  never  received  less  than  6  /xg.  ECP/ 100  gm. 
of  body  weight /day. 

An  analysis  of  covariance  indicated  no  significant  difference  between 
mean  gonad  weights  even  after  adjustment  for  initial  comb  size  (Table  4). 
This  means  that  in  this  experiment  ECP  at  three  times  the  daily  level 
which  inhibits  growth  of  the  rudiment,  had  no  effect  upon  the  established 
compensatory  gonad. 

Some  degree  of  spermatogenesis  was  encountered  in  25%  of  the  testicular 
rudiments  and  it  was  apparently  not  affected  by  treatment  (Table  5). 
Spermatogenesis  was  frequently  restricted  to  some  areas  of  the  gonad, 
while  the  rest  of  the  structure  consisted  of  sterile  tubules  and  of  cords  of 


Table  5.  Types  of  compensatory  gonad  observed 


Number  of 

Daily  dose 
of  FPP  in 

Testes 

Ovaries 

Ovotestes 

AFl  111 

Mg. /bird* 

No 

spermato¬ 

genesis 

Incomplete 

spermato¬ 

genesis 

Complete 

spermato¬ 

genesis 

0 

6 

1 

1 

2 

1 

25 

5 

1 

1 

2 

1 

50 

10 

1 

0 

1 

0 

100 

3 

2 

1 

0 

2 

•  The  dose  indicated  was  increased  eight  fold  for  the  last  3  of  25  injections. 
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epithelial  cells  which,  according  to  Gray  (1930),  are  their  precursors. 
Among  the  ovaries,  four  had  ovulatory  follicles  and  empty  follicles  which 
gave  proof  of  past  ovulations. 

Estrogen  in  chicken  blood.  In  the  young  female  chick  the  oviduct  remains 
infantile  from  hatching  until  the  bird  is  70  to  80  days  of  age  suggesting 
absence  of  endogenous  estrogen.  Because  the  data  obtained  (Table  2)  indi¬ 
cate  that  exogenous  estrogen  does  inhibit  the  growth  of  the  rudimentary 
gonad  in  vivo,  and  because  it  is  known  that  in  the  normal  immature  female 
the  rudiment  does  not  hypertrophy,  the  question  arose  whether  endoge¬ 
nous  estrogen  below  the  threshold  level  of  oviducal  response  may  be  pro¬ 
duced  by  immature  female  chicks.  An  assay  of  the  estrogen  content  of  the 
l)lood  of  young  female  clucks  was  made. 

Female  chicks  16  to  20  days  old  were  exsanguinated,  their  blood  pooled 
and  extracted  with  ethylene  dichloride  (Hays,  1949).  For  the  assay,  27- 
day  old  ovariectomized  rats  were  given  nine  equal  subcutaneous  injections 
in  four  and  one  half  days.  Twelve  hours  after  the  last  injection  the  rats 
were  killed,  the  uteri  removed  and  trimmed;  uterine  fluid  expressed  by 
light  blotting  and  the  uteri  weighed  to  the  nearest  0.1  mg.  The  results  of 
the  assay  permit  only  a  qualitative  interpretation  but  they  do  indicate  that 
appreciable  quantities  of  estrogen  are  present  in  the  blood  of  immature 
female  chicks  less  than  20  days  old  (Table  6).  A  small  quantity  of  chick 
ovaries  which  were  extracted  by  the  same  method  contained  no  estrogen. 
The  extraction  procedure  may  have  been  unsuited  for  small  quantities  of 
tissue  and  no  conclusions  are  being  drawn  from  the  failure  to  find  estrogen 
in  these  ovaries. 

The  role  of  the  pituitary  gland  and  of  gonadotrophic  hormones.  To  deter¬ 
mine  the  role  of  the  pituitary  gland  and  of  some  of  its  hormones  in  the 
growth  of  the  rudiment,  two  experiments  were  performed. 

In  both  experiments  potent  gonadotrophic  hormones  containing  FSH 
and  LH  were  used.  The  same  preparations  had  produced  very  pronounced 
effects  when  they  had  been  used  in  previous  experiments  in  normal  male 
and  female  chickens.  The  hormones  used  were:  An  Armour  gonadotrophic 
preparation  which  was  injected  at  the  rate  of  2  and  4  Armour  units  daily; 


Table  G.  Bioassay  ok  the  estrogenic  activity  ok  an  extract 
OK  NORMAL  CHICK  BLOOD 


Treatment  (total  dose) 

Number  of 

Uterine 

weight 

rats 

Mean 

SI) 

Controls 

5 

53.1 

8.7 

Extract  of  37.8  aim.  of  pooled  blood 

5 

183.2 

27.0 

0.18  Mg-  estradiol  benzoate 

5 

141.8 

11.2 

0.36  Mg-  estradiol  benzoate 

5 

167.7 

15.4 
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Table  7.  Effects  of  hypophysectomy  of  poulards  with  hypertrophied  compensatory 

GONADS  AND  ATTEMPTS  AT  REPLACEMENT  THERAPY 


Number  of 
observa- 

Treatment 
(all  ovariectomized) 

Change  in  comb 
area  (%)  during 
treatment 

Gonad 

weight 

(mg.) 

Oviduct 

weight 

(mg.) 

Mean 

SD 

Mean 

SD 

Mean  SD 

14(10)* 

None 

+  17.49 

10.02 

479 

282 

740 

602 

11  (8)* 

Hypophysectomized 

-44.23 

6.12 

61 

56 

471 

488 

3(3)* 

Hypophysect.  + 
lyophilized  plasma 

-.36.29 

11.23 

40 

28 

127 

38 

2(2)* 

Hypophysect.  + 
Gonadotroph  (1)  then 
prolactin 

-31.68 

14.63 

68 

46 

112 

30 

3  (3)* 

Hypophysect.  + 
Gonadotroph  (1)  then 
Gonadotroph  (2) 

-30.47 

11.13 

119 

73 

111 

36 

4(3)* 

Hypophysect.  + 
Gonadotroph  (1) 

-29.06 

5.54 

88 

23 

123 

34 

*  Number  of  observations  of  oviduct  weight  (distentions  omitted). 
Gonadotroph  (1)  Armour  preparation. 

Gonadotroph  (2)  Wisconsin  preparation. 


a  crude  anterior  pituitary  gland  preparation  (sheep)  which  contained  both 
FSH  and  LH  and  which  was  given  at  the  rate  of  one  gm.  equivalent  per 
day;  pregnant  mare’s  serum,  which  was  injected  at  the  rate  of  three  Cart- 
land-Nelson  units  per  day;  and  a  lyophilized  chicken  blood  plasma  which 
was  thought  to  contain  an  avian  gonadotrophic  hormone  (Bailey  and  Phil¬ 
lips,  1952)  but  which,  according  to  a  rat  assay,  had  very  little  gonadotro¬ 
phic  potency.  It  was  given  at  the  rate  of  0.5  mg.  per  day.  In  addition  to 
these  hormones  we  were  interested  in  seeing  the  effect  of  a  prolactin  prep¬ 
aration  and  injected  a  Squibb  product  containing  20  to  25  crop  gland 
units  per  mg.  at  the  rate  of  10  mg.  per  day,  and,  in  one  experiment  at  the 
rate  of  40  mg.  per  day. 

In  the  first  experiment,  poulards  with  established  rudiments  were  hy- 
pophysectomized  and  an  attempt  was  made  to  prevent  postoperative  regres¬ 
sion  of  the  rudiment  and  hence  the  comb  by  the  injection  of  gonadotrophic 
hormones.  This  experiment  was  done  on  birds  in  which  the  ovary  had  been 
removed  at  15  to  27  days  and  which  were  hypophysectomized  when  they 
were  between  170  and  184  days  old.  For  this  experiment  poulards  were 
selected  on  the  basis  of  characteristics  usually  associated  with  maleness; 
turgid,  red  combs  and  male  plumage.  It  was  felt  that  the  effects  of  hy¬ 
pophysectomy,  never  before  observed  in  poulards,  would  be  easier  to  in¬ 
terpret  in  a  group  homogenous  in  external  morphology  and,  presumably, 
in  type  of  gonad.  At  autopsy  it  w^as  found  that  all  the  birds  thus  selected 
had  testes  and  that  we  had  eliminated  all  the  poulards  having  cortical 
gonadal  regenerations,  right  ovaries,  or  ovotestes  because  these  showed 
predominantly  female  external  characteristics.  None  of  the  gonadotrophic 
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hormones  used  was  able  to  retard  the  rate  of  regression  of  the  hypertro¬ 
phied  rudiment  or  of  the  comb  after  hypophysectomy  of  the  poulards 
(Table  7).  This  experiment  did,  however,  establish  the  fact  that  the  rudi¬ 
ment  regresses  in  size  and  in  function  in  absence  of  the  pituitary  gland  just 
as  do  the  testes  and  ovaries  of  normal  chickens  after  hypophysectomy. 

In  a  second  experiment  it  was  attempted  to  speed  up  the  development 
of  the  rudimentary  gonad  in  poulards  which  had  been  ovariectomized  when 
9  to  16  days  old,  by  injecting  gonadotrophic  hormones  beginning  at  the  age 
of  34  days  and  continued  for  31  days.  Gonadotrophic  hormones  were  not 
able  to  speed  up  the  rate  of  rudiment  growth  in  young  poulards  as  judged 
by  the  final  weight  of  the  rudiment,  or  the  rate  at  which  it  secretes  andro¬ 
gen  as  judged  by  the  rate  of  comb  growth  (Table  8).  Nor  do  the  hormones 
injected  alter  the  type  of  gonad  produced  (Table  8).  Of  interest  is  the  find¬ 
ing  that  prolactin  depressed  the  development  of  the  rudiment  causing  a 
final  gonad  weight  significantly  (P  <0.05)  below  that  of  untreated  poulards 
or  that  of  poulards  given  gonadotrophic  hormones  (Table  8).  Prolactin  also 
depresses  the  size  and  rate  of  function  of  the  gonads  of  normal  male  and  fe¬ 
male  chickens. 


DISCUSSION 

The  results  presented  indicate  that  small  amounts  of  exogenous  estrogen 
can  suppress  the  development  of  the  rudimentary  gonad  of  ovariectomized 
fowl.  The  demonstration  of  substantial  quantities  of  estrogen  in  the  blood 
of  very  young  female  chicks,  makes  it  probable  that  a  hormone-of  this  type 
alone  or  by  a  synergism  yet  unknown,  is  responsible  for  the  failure  of  the 
development  of  the  rudimentary  gonad  in  the  presence  of  the  functional 
left  ovary.  The  fact  that  hypophysectomy  of  birds  with  established  com¬ 
pensatory  gonads  leads  to  a  significant  decrease  in  the  size  of  the  rudiment 
indicates  that  a  pituitary  factor  may  also  be  involved.  We  were  not  able 
to  prevent  this  regression  by  the  administration  of  massive  doses  of  mam¬ 
malian  gonadotrophic  hormones.  Nalbandov  et  al.  (1951)  have  shown  that 
in  hypophysectomized  male  chickens  a  third  gonadotrophic  hormone  is  re- 


Table  8.  Effects  of  hormone  therapy  on  immature  poulards 


Number 

of 

observa¬ 

tions 

Treatment 

Increase  in 
comb  area 
(%)  during 
treatment 

Final  comb 
color 

Gonad  weight 
(mg.) 

Structure  of 
rudimentary 
gonad 

Oviduct 

weight 

(mg.) 

Mean 

SD 

Red 

Pale 

Mean 

SD 

Testes 

Ovo- 

testes 

Mean 

SD 

10  (6)* 

None 

228 

71 

4 

6 

28 

11 

7 

3 

75 

20 

8(6)* 

PMS 

207 

59 

7 

1 

26 

7 

4 

4 

60 

12 

7(7)* 

Progesterone 

269 

88 

5 

2 

28 

10 

5 

2 

99 

47 

7(5)* 

Prolactin 

141 

no 

0 

7 

17 

11 

5 

2 

74 

38 

6(3)* 

LH 

182 

77 

1 

4 

29 

5 

4 

1 

74 

81 

*  Number  of  observatione  of  oviduct  weight  (distentions  omitted). 
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quired  for  the  transformation  of  non-secretory  Leydig  cells  into  secretory 
one  and  that  mammalian  gonadotrophins  alone  are  not  fully  effective  in 
maintaining  the  ovaries  and  the  comb  of  hypophysectomized  laying  hens 
(Biswal  and  Nalbandov,  1952).  It  remains  to  be  seen  whether  a  mechanism, 
involving  a  third  gonadotrophic  hormone  operates  in  the  interrelationship 
between  the  pituitary  and  the  rudimentary  gonad. 

While  it  has  been  shown  that  estrogens  effectively  inhibit  the  pituitary 
gland  in  chickens  (Nalbandov  and  Baum,  1948),  it  is  not  known  whether 
the  controlling  quantities  are  as  small  as  they  have  been  found  to  be  in  the 
rat  (Byrnes  and  Mayer,  1951).  If  the  avian  hypophysis  is  sensitive  to 
minute  quantities  of  estrogen,  it  appears  quite  possible  that  the  inhibitory 
effect  of  estrogen  on  the  rudimentary  gonad  is  not  direct,  but  operates  via 
the  pituitary  by  reducing  the  flow  of  the  whole  gonadotrophic  complex  or 
of  a  specific  component  of  it.  That  this  interpretation  may  be  correct  is 
further  suggested  by  the  reduction  in  size  and  function  of  the  rudiment  fol¬ 
lowing  hypophysectomy. 

Further  support  for  the  assumption  that  hypophyseal  gonadotrophins 
have  some  measure  of  control  over  the  proliferation  of  the  rudiment,  was 
obtained  from  the  finding  that  prolactin  significantly  depresses  the  weight 
of  the  rudiment.  This  is  in  keeping  with  the  finding  of  Nalbandov  (1945), 
that  in  cocks  prolactin  reduces  both  testes  and  comb  size  in  proportion  to 
the  amount  of  prolactin  injected.  The  FSH  portion  of  this  effect  on  cocks 
may  be  nullified  by  the  simultaneous  injection  of  prolactin  and  FSH.  This 
indicates  that  prolactin  prevents  the  secretion  of  pituitary  FSH  but  that 
it  does  not  prevent  the  action  of  FSH  on  its  endorgan.  The  inhibiting  effect 
of  prolactin  on  the  rudimentary  gonad  may  be  due  to  a  similar  mechanism 
(although  we  were  not  able  to  maintain  the  rudiment  in  hypophysecto¬ 
mized  poulards  with  mammalian  gonadotrophic  hormones). 

Because  of  these  considerations  the  following  interpretation  appears  rea¬ 
sonable  at  the  present  time.  Like  all  gonadal  tissues,  the  rudimentary 
gonad  of  the  fowl  is  normally  controlled  by  hypophyseal  hormones.  In  the 
presence  of  the  normal  ovary,  the  rudiment  is,  by  some  as  yet  unknown 
mechanism,  effectively  inhibited  by  ovarian  secretions.  The  net  effect  of 
this  interrelation  is  that  the  rudimentary  gonad  is  incapable  of  developing 
in  the  intact  female,  but  does  hypertrophy  following  ovariectomy  when  it 
is  released  from  estrogen  inhibition  and  exposed  to  the  stimulating  effect 
of  pituitary  gonadotrophins. 

SUMMARY 

The  growth  of  the  rudimentary  right  gonad  of  ovariectomized,  domestic 
fowl  can  be  inhibited  with  exogenous  estrogen  and,  to  a  lesser  extent,  with 
androgen.  It  is  possible  to  prevent  the  hypertrophy  of  the  rudiment  even 
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with  a  quantity  of  estrogen  that  has  no  significant  effect  upon  oviduct 
weight  and  which  apparently  lies  below  the  estrogen  threshold  for  oviduct 
stimulation. 

Estrogenic  substance  has  been  demonstrated  in  the  blood  of  young 
chicks.  The  adequacy  of  a  “physiological”  dose  of  estrogen  coupled  with 
the  demonstration  of  its  presence  at  an  age  of  sexual  “inactivity,”  lends 
strong  support  to  the  contention  that  estrogen  is  involved  in  the  in  invo 
mechanism  of  rudiment  inhibition. 

Following  ovariectomy  the  sensitivity  of  the  compensatory  right  gonad 
decreases  with  time,  i.e.,  estrogen  dosages  increased  in  proportion  to  body 
weight  lose  their  effectiveness.  This  observation  helps  to  explain  that  com¬ 
pensatory  gonads  can,  and  ultimately  do  secrete  considerable  amounts  of 
estrogen. 

Prolactin  depresses  rudiment  hypertrophy  in  ovariectomized  birds.  The 
mode  of  action  of  prolactin,  known  to  be  antagonistic  to  that  of  FSH, 
might  be  analogous  in  effect  at  least,  to  the  mechanism  of  rudiment  inhibi¬ 
tion  by  estrogen. 

Ilypophysectomy  significantly  depresses  the  weight  of  hypertrophied 
testicular  rudiments  as  well  as  their  androgen  secretion. 

All  attempts  to  accelerate  the  growth  of  compensatory  gonads,  or  to 
maintain  them  in  hypophysectomized  poulards  with  mammalian  gonado¬ 
trophic  hormones  hav'e  failed. 
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A  COMPARISON  OF  THE  BIOLOGICAL  ACTION  OF 
ALLOPREGNANE-21-OL-3,20-DIONE  ACETATE 
AND  PROGESTERONE' 

WILLIAM  TULLNER,  ROY  HERTZ  and  ED>VARD  RAFFELT 

National  Cancer  Institute,  Bethesda,  Maryland 

The  inliibitory  effect  of  progesterone  on  the  estrogen-induced  tissue 
growth  response  of  the  chick  oviduct  was  reported  bj' Hertz  et  al.  (1947). 
Among  other  steroid  hormones  tested  for  inhibitory  activity  in  the  chick 
oviduct  test,  allopregnane-21-ol-3,20-dione  acetate  (cpd.  I)  proved  to  be 
a  potent  antagonist  (Hertz,  1951).  In  a  test  for  corticoid  activity,  Wett- 
stein  and  Hunzicker  (1940)  reported  the  compound  to  be  inactive  for 
weight  maintenance  and  survival  in  adrenalectomized  rats  at  a  daily  dose 
of  2  mg. 

Since  progesterone  and  cpd.  I  inhibit  the  estrogen-stimulated  chick  ovi¬ 
duct,  further  investigations  were  made  to  determine  whether  these  com¬ 
pounds  possessed  any  other  common  biological  properties. 

In  the  present  report,  we  present  details  of  a  comparison  between  pro¬ 
gesterone  and  cpd.  I  based  on  certain  biological  actions  exhibited  by  pro¬ 
gesterone. 

MATERIALS  AND  METHODS 

(1)  Oviduct  inhibition  test 

Two  week  old  New  Hampshire  Red  chicks  were  housed  in  electrically  heated  brooders 
under  controlled  lighting  (12  hours  darkness,  12  hours  light).  Commercial  starting  mash 
was  given  ad  libitum.  0.25  mg.  stilbestrol  in  0.2  ml.  corn  oil  solution  was  administered 
daily  subcutaneously  for  eight  daj’s.  Progesterone  and  allopregnane-21-ol-3,20  dione 
acetate  (cpd.  I)  were  given  as  suspensions  in  0.2  ml.  corn  oil  daily  subcutaneously  con¬ 
currently  with  the  stilbestrol  treatment.  Twentj'-four  hours  after  the  last  injection,  the 
chicks  were  autopsied.  Body  and  oviduct  weights  were  recorded. 

(2)  Corner- Allen  test 

Previously  isolated,  sexualh’  mature  female  New  Zealand  white  rabbits  maintained  on 
a  commercial  pellet  diet  were  used.  The  animals  were  bilaterally  ovariectomized,  a 
biopsy  of  the  uterine  cornu  was  taken  and  injections  of  the  test  compound  were  begun 
on  completion  of  operative  procedures.  The  test  compounds  in  corn  oil  suspension  were 
injected  daily  subcutaneously  for  5  days.  Twenty-four  hours  after  the  last  injection  the 
animals  were  killed.  The  uteri  were  fixed  in  4%  neutral  formalin,  sectioned  at  8  y,  and 
stained  with  Mayers’  hematoxjdin  and  eosin  Y. 

Received  for  publication  May  17,  1954. 

*  We  wish  to  thank  Chemical  Specialties  Co.  and  Syntex,  S.A.  for  the  allopregnane 
compound  used  in  these  experiments. 
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(3)  Rat  uterine  deciduoma  test 

Female  Holtzman  strain  rats  maintained  on  stock  rat  pellets  were  bilaterally  ovariec- 
tomized  at  28  days  of  age.  Six  weeks  later  treatment  was  begun.  Daily  injections  of  the 
test  compound  were  given  in  0.2  ml.  corn  oil  suspension  for  9  days.  On  the  fifth  day  of 
treatment,  the  uteri  were  traumatized  by  means  of  a  needle  passed  through  the  anti- 
mesometrial  axis  of  each  uterine  cornu  twice,  with  a  #6.0  silk  suture  identifying  the  area 
of  trauma. 

The  animals  were  autopsied  20  to  24  hours  after  the  last  injection.  Body  and  uterine 
weights  were  recorded.  Sections  of  the  traumatized  uterine  areas  were  fixed  in  4%  neu¬ 
tral  formalin  and  prepared  for  histological  study  by  the  methods  described  in  Section  2. 

(4)  Suppressiori  of  pituitary  gonadotropin 

Thirty  day  old  female  Holtzman  strain  rats  were  put  in  parabiosis  according  to  the 
method  of  Bunster  and  Meyer  (1933)  as  modified  by  Hertz  and  Meyer  (1937). 

The  left  partner  was  ovariectomized  at  the  time  of  operation.  In  the  treated  pairs,  the 
left  partner  was  injected  daily  subcutaneously  with  cpd.  I  or  progesterone  in  0.2  ml. 
corn  oil  suspension  for  10  days.  On  the  eleventh  day  the  animals  were  killed  with 
chloroform  and  autopsied.  Ovaries  and  uteri  were  weighed  to  the  nearest  milligram  on  a 
torsion  balance. 

(5)  Effect  on  estrogen-withdrawal  bleeding  in  the  monkey 

Castrate  female  rhesus  monkeys,  weighing  3-4  kg.,  were  treated  with  10  micrograms 
estradiol  17-beta  in  0.25  ml.  corn  oil  solution  daily  subcutaneouslj’  for  20  days.  Treat¬ 
ment  with  the  test  compound  was  begun  on  the  twenty-first  day  and  continued  until 
menstrual  bleeding  occurred  after  estrogen  priming.  Daily  injections  of  the  test  compound 
were  made  subcutaneously  in  a  1.0  ml.  aqueous  suspension.  Menstrual  bleeding  was 
determined  bj'  daily  vaginal  smears. 

RESULTS  AND  DISCUSSION 

(1)  Inhibition  of  estrogen  stimulation  in  the  chick  oviduct 

The  inliibitory  action  of  allopregnane-21-ol-3,20-dione  acetate  (cpd.  I) 
on  the  genital  tract  of  the  estrogen-treated  chick  is  compared  with  that  of 
progesterone  in  Figure  1.  Increasing  doses  of  each  compound  result  in  pro¬ 
gressive  decreases  in  oviduct  weight  up  to  a  daily  dose  of  1  mg.  With  daily 
levels  of  1.0  mg.  and  above,  it  is  apparent  that  either  compound  is  maxi¬ 
mally  effective  in  its  ability  to  suppress  growth  of  the  oviduct.  However, 
at  daily  dose  levels  of  0.25  mg.,  cpd.  I  is  decidedly  more  potent  than  pro¬ 
gesterone.  Comparing  oviduct  weights  at  0.25  mg.  and  0.5  mg.  of  cpd.  I 
with  weights  attained  with  1.0  mg.  of  progesterone,  it  would  appear  that 
cpd.  I  possesses  2  to  4  times  the  inhibitory  activity  of  progesterone  with 
respect  to  the  estrogen-induced  growth  of  the  chick  genital  tract. 

(2)  Progestational  proliferation  of  the  rabbit  endometrium  {Corner-Alien 
method) 

Cpd.  I  and  progesterone  were  compared  using  total  dose  levels  of  1.0 
mg.  in  one  series  and  125  mg.  in  the  second.  Four  rabbits  were  used  for  each 
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Table  1.  Absence  ok  decidual  response  in  hats  treated 

WITH  ALLOPRE(iNANE-21-OL-3,20-DIONE  ACETATE 


No.  of 
animals 

Steroid 

Daily  dose 

(mg.)* 

%  deciduoma 
response 

10 

Progesterone 

0.5 

90 

9 

Progesterone 

1.0 

100 

10 

Gpd.  I 

0.5 

0 

10 

Cpd.  I 

1.0 

0 

10 

None 

0 

0 

*  Given  in  0.2  ml.  corn  oil  suspension  for  9  days. 


(lose.  Histological  examination  showed  no  endometrial  proliferation  in  the 
animals  receiving  cpd.  I.  This  was  in  marked  contrast  to  the  full  progesta¬ 
tional  proliferation  produced  in  hotli  groups  receiving  progesterone. 

(3)  Deciduoma  response 

Results  of  testing  cpd.  I  for  its  ability  to  induce  the  formation  of  uterine 
deciduomata  are  seen  in  Table  1.  It  is  evident  that  at  the  doses  used,  cpd. 
I  does  not  produce  the  typical  decidual  reaction  so  characteristic  of  pro¬ 
gesterone. 

(4)  Effect  on  endogenous  gonadotropin 

Table  2  contains  a  summary  of  experiments  using  castrate  female-intact 
female  parabiotic  rats  to  assess  the  ability  of  cpd.  I  to  inhiliit  gonadotropin 
production  by  the  castrate  partner.  No  pituitary  gonadotropin  inhibition 
occurred.  Using  rats  of  the  same  strain  and  age,  a  daily  dose  of  5  mg.  of 
progesterone  given  for  ten  days  results  in  ovarian  weights  of  23  ±5  mg.^ 
This  inhibition  of  gonadotropic  hormone  secretion  by  progesterone  has 
been  reported  by  Biddulph  et  al.  (1940). 


Table  2.  Lack  of  effectofalloprec.nane-21-ol-3,20-dione  acetate  on  ovarian  hyper¬ 
trophy  IN  CASTRATE  FEMALE-INTACT  FE.MALE  PARABIOTIC  RATS 


Series 

No.  of  pairs 

Dose  (mg.)* 

Ovarian  wt.  (mg.)tt 

I 

8 

2 

147-1-55 

12 

0 

174  ±58 

II 

9 

10 

157  ±35 

4 

0 

136  ±19 

*  Daily  dose  given  in  0.2  ec.  aqueous  suspension  for  10  tlays. 
t  Mean  and  standard  deviation, 
t  See  text  above  for  progesterone  effect. 


(5)  Effect  on  estrogen  withdrawal  bleeding  in  the  monkey 

A  group  of  4  female  monkeys  each  received  1  mg.  cpd.  I  daily  following 
estrogen  priming.  Withdrawal  bleeding  occurred  in  three  monkeys  after 
four  days  of  treatment  and  in  the  fourth  animal  on  day  seven.  A  50  mg. 

*  Represents  10  parabiotic  pairs. 


December,  19,54  ALLOPREGNANE-21-OL-3,20-DIONE  ACETATE 


765 


DAILY  DOSE  -  M6.  ( Inhibitory  Compound) 


Fig.  1.  Inhibition  of  estrogen  stimulated  chick  oviduct  growth.  A  comparison  of 
allopregnane-21-ol-3,20-dione  acetate  with  progesterone. 

daily  dose  of  cpd.  I  was  g;iven  to  each  of  a  second  group  of  4  monkeys  fol¬ 
lowing  estrogen  treatment.  Menstrual  lileeding  occurred  in  two  of  these 
animals  on  the  second  day,  one  on  the  third,  and  one  on  the  fourteenth  day 
of  treatment.  Of  6  m.onkeys  receiving  no  treatment  after  estrogen  priming, 
withdrawal  bleeding  occurred  between  the  third  and  tenth  days.  We  have 
confirmed  previous  reports  by  Hisaw  and  Creep  (1938)  that  as  little  as  1.0 
mg.  progesterone  daily  will  delay  withdrawal  bleeding  in  the  rhesus  monkey 
from  9-44  days.  Our  results  indicate  a  lack  of  progestational  activity  for 
cpd.  I  at  levels  equal  to  or  50  times  greater  than  the  effective  dose  of  pro¬ 
gesterone. 

The  results  show  that  in  these  experiments  in  which  progesterone  is 
known  to  have  biological  activity,  the  inhibition  of  the  chick  oviduct  re¬ 
sponse  to  estrogen  is  the  only  positive  demonstration  of  activity  by  cpd.  I 
(Fig.  2).  Thus  we  have  a  unique  action  for  this  steroid  which  is  similar  to 
that  of  progesterone  but  dissociated  from  the  other  known  physiologic  ef¬ 
fects  of  the  latter. 

This  inhibitory  action  of  progesterone  and  compound  I  has  yet  to  be  ex- 
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Fig.  2.  A.  Oviduct  from  untreated  chick,  wt.  23  mg.;  B.,  oviduct  from  chick  receiving 
1  mg.  allopregnane-21-ol-3,20-dione  acetate  plus  0.25  mg.  stilbestrol  dail}^  for  eight 
days,  wt.  361  mg.;  C.,  oviduct  from  chick  receiving  0.25  mg.  stilbestrol  daily  for  eight 
days,  wt.  1125  mg. 

plained.  It  has  previously  been  shown  that  only  part  of  the  estrogen-in¬ 
duced  oviduct  growth  can  be  prevented  by  progesterone  (Hertz  et  al., 
1947).  Cpd.  I,  even  though  more  potent  than  progesterone,  is  unable  to  re¬ 
duce  this  basal  oviduct  growth  below  that  reached  by  maximally  effective 
doses  of  progesterone.  Large  doses  of  estrogen  do  not  reverse  this  effect  of 
progesterone  on  the  oviduct.  This  indicates  an  irreversible  reaction. 

Lipschiitz  et  al.  (1939)  demonstrated  the  antifibromatogenic  action  of 
progesterone  on  uterine  and  abdominal  fibroids  produced  by  prolonged  es¬ 
trogen  stimulation  in  the  guinea  pig.  Cpd.  I  has  not  been  tested*  for  anti¬ 
fibromatogenic  action  but  many  other  steroids  have  been  screened  (Lip- 
schiitz,  1950).  Allopregnane-3,20-dione  is  negative  at  doses  ten  times  those 
of  the  effective  doses  of  progesterone  (Lipschiitz,  1950).  Desoxycorticos- 
terone  is  among  the  most  active  of  these  tumor  inhibiting  compounds 
(ibid.). 

Desoxycorticosterone  also  inhibits  growth  of  the  estrogen  stimulated 


®  Personal  communication  with  Dr.  A.  Lipschiitz. 
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chick  oviduct  (Hertz  and  Tullner,  unpublished  data).  In  this  connection, 
it  is  of  interest  that  Schneider  (1952),  using  in  vitro  methods,  has  recovered 
cpd.  I  among  the  metabolites  produced  when  desoxycorticosterone  was  in¬ 
cubated  with  surviving  rat  liver  slices. 

Although  the  effect  of  these  inhibitory  compounds  on  the  substrate  is 
unknown,  it  is  clear  that  the  inhibitory  effect  may  be  dissociated  from 
other  biological  effects. 


SUMMARY 

A  comparison  of  allopregnane-21-ol-3,20-dione  acetate  with  progesterone 
on  the  basis  of  the  well-known  actions  of  the  latter  compound  in  (a)  inhibit¬ 
ing  the  estrogen-induced  growth  of  the  chick  oviduct,  (b)  progestational 
activity  in  the  rabbit  uterus,  (c)  deciduoma  formation  in  the  rat  uterus, 
(d)  suppression  of  pituitary  gonadotropin  in  parabiotic  rats  and  (e)  preven¬ 
tion  of  withdrawal  bleeding  in  estrogen-primed  castrate  female  monkeys, 
has  demonstrated  that  inhibition  of  chick  oviduct  growth  is  the  only  action 
common  to  the  two  steroids.  Aloreover,  allopregnane-21-ol-3,20-dione 
acetate  was  found  to  be  2  to  4  times  as  potent  as  progesterone  in  the  ovi¬ 
duct  assay.  Thus,  inhibition  of  the  oviduct  in  the  estrogen-treated  chick 
may  be  clearly  dissociated  from  other  biological  actions  of  progesterone. 
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A  QUANTITATIVE  METHOD  FOR  THE  SEPARATION  OF 
THE  lODINATED  AMINO  ACIDS  OF  THYROID  TISSUE' 

JOHN  W.  BRAASCH,2  EUNICE  V.  FLOCK  and  A.  ALBERT 

Section  of  Biochemistry,  and  Endocrinology  Laboratory,  Section  of  Physiology, 

Mayo  Clinic  and  Mayo  Foundation,  Rochester,  Minnesota 

The  ability  of  a  kieselguhr  column  to  resolve  mixtures  of  thyroxine, 
triiodothyronine  and  iodide  (Gronkvist  and  Hellberg,  1951 ;  and  Gross 
and  Pitt-Rivers,  1952)  suggested  that  this  column  might  be  superior  to 
starch  (Dobyns  and  Barry,  1953)  and  cellulose  (Rosenberg,  1951)  columns 
for  separating  iodinated  amino  acids.  In  this  paper  we  shall  describe  and 
evaluate  an  extension  of  the  Gross  and  Pitt-Rivers  kieselguhr  technic 
which  allows  accurate  separation  and  recovery  of  all  the  known  iodinated 
compounds  of  the  thyroid  gland.  In  addition  we  have  applied  this  technic 
to  an  evaluation  of  certain  methods  of  hydrolysis  of  thyroid  tissue. 

METHODS 

f'or  the  separation  of  thyroxine,  triiodoth3  ronine  and  iodide,  the  kieselguhr  column 
procedure  of  Gross  and  Pitt-Rivers  (1953),  with  a  few  exceptions,  has  been  followed. 
We  have  not  found  that  it  is  necessaiy  to  heat  the  kieselguhr®  prior  to  use.  Glass  columns 
with  an  internal  diameter  of  13  mm.  were  used.  The  lower  part  of  the  kieselguhr  column 
was  prepared  bj'  mixing  6  gm.  of  kieselguhr  with  4.8  ml.  of  0.5  N  sodium  hjdroxide 
saturated  with  25  per  cent  chloroform  in  n-butanol  (v/v).  Twentj’-five  per  cent  chloro¬ 
form  in  n-butanol  (v/v)  saturated  with  0.5  N  sodium  hydroxide  was  then  added  to  the 
mixture  until  a  thin  sluryv  was  obtained.  This  slurr}’  was  degassed  on  a  water  pump  and 
packed  in  the  glass  column  with  a  perforated  disk  to  a  height  of  approximately  15  cm. 
Approximateb’  0.3  gm.  of  Gooch  crucible  asbe.stos  was  next  packed  on  top  of  this  first 
laj’er  of  kieselguhr.  The  mixtures  to  be  separated,  contained  in  0.5  ml.  of  0.5  X  sodium 
hj’droxide,  1.0  ml.  of  n-butanol  saturated  with  0.5  N  sodium  hj-droxide  or  0.8  ml.  of  a 
butanol-ethanol-sodium  hj’droxide  mixture  (see  below),  were  added  to  the  asbestos  and 
washed  into  the  column  with  two  small  portions  of  the  butanol-chloroform  mixture. 
Another  laj’er  of  kieselguhr  (5  gm.  of  kieselguhr  mixed  with  4  ml.  of  base  saturated  with 
20%  chloroform  in  n-butanol)  was  then  added  on  top  of  the  asbestos  in  a  similar  manner. 
The  elution  of  th3'roxine,  triiodothvronine  and  iodide  respective^'  was  accomplished 
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by  passing  a  20%  mixture  of  chloroform  in  n-butanol  (v/v)  saturated  with  0.5  N  sodium 
hj’droxide  through  the  column  at  such  a  rate  that  the  flow  was  approximately  1  ml. 
every  5  minutes.  This  constant  flow  was  maintained  by  using  a  rubber-stopi)ered 
separatory  funnel  as  a  reservoir  for  the  solvent  and  placing  the  open  deliveiy  tip  of  the 
funnel  at  a  level  above  the  column  appropriate  to  give  this  flow  rate.  After  elution  of 
these  three  substances,  the  solvent  was  changed  to  a  9:1  n-butanol  to  n-proj)anol  mix¬ 
ture  saturated  with  one  i)art  0.5  N  sodium  hydroxide.  Diiodotyrosine  was  then  eluted 
followed  by  and  well  separated  from  monoiodotyrosine.  Any  residual  material  on  the 
column  (column  residual)  was  elute<l  by  water  or  proi)anol. 

The  effluent  was  collected  in  3-ml.  fractions  with  a  fraction  collector.  Identification  of 
compounds  in  the  effluent  samj)les  was  made  both  by  ninhydrin  tests  (Moore  and  Stein, 
1948)  and  bj'  radioactivity  determinations  using  a  well-type  Nal  (Tl)  crystal  scintillator 
connected  to  a  suitable  scaling  unit. 

Nonradioactive  thyroxine,  triiodothy  ronine,  diiodothyronine  and  diiodotyrosine  were 
obtained  from  usual  commercial  sources.  Monoiodotyrosine  was  kindly  supj)lied  by  Dr. 
Rosalind  Pitt-Rivers.  Radioactive  I*’*  compounds  were  either  j)repared  by  us  or  pur¬ 
chased  from  Abbott  Laboratories.  Radioactive  triiodothyronine  was  prepared  both  by 
exchange  with  triiodothyronine  and  by  direct  iodination  of  diiodothyronine,  and  was 
further  purified  and  isolated  by  either  pai)er  or  column  chromatography.  Radioiodide 
was  purchased  from  Abbott  Laboratories.  Radioactive  P”  diiodotyrosine  was  prepared 
by  exchange.  Radioactive  monoiodotyrosine  was  obtained  from  the  column  resolution 
of  trypsin  hydrolysates  (see  below)  of  thyroid  tissue  from  rats  given  Nal'^h 

RESULTS 

1.  Recovery  of  Known  Compounds. — Table  1  contains  data  on  the  recov¬ 
ery  of  purified  radioactiv’e  compounds  (thyroxine,  triiodothyronine,  iodide, 
diiodotyrosine  and  monoiodotyrosine).  These  substances  were  added  singly 


Table  1.  Recovery  of  radioactivity  after  addition  of 

RADIOACTIVE  COMPOUNDS  TO  THE  COLUMN 


Radioactive  I 
compound  ! 
added* 

Per  cent  of  radioactivity  recovered  in  fractions:* 

T4 

Tj 

I 

T.2 

T„i 

Int. 

C.R. 

Ti  1 

95 

0 

2 

0 

0 

2 

1 

Ti  1 

94 

0 

2 

0 

0 

4 

0 

T4 

96 

1 

1 

0 

0 

2 

0 

T, 

1  1 

98 

1 

0 

6 

0 

0 

I 

0 

0 

97 

0 

0 

2 

1 

I 

1  1 

0 

96 

0 

0 

3 

0 

Ty2 

0 

0 

0 

98 

0 

1 

1 

Ty2 

i  0 

0 

0 

96 

0 

3 

1 

Tw 

1  0 

0 

0 

1 

95 

3 

2 

T„i 

!  0 

0 

1 

94 

3 

2 

*  Abbreviations: 

T4=Thyroxine  T„2  =  Diiodotyrosine 

Tj  =  Triiodothyronine  T^i  =  Monoiodotyrosine 

I  =Iodide  C.R.  =  Column  residual 

Int.  =1”'  occurring  between  peaks 
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3  ml.  fractions 

Fig.  1.  Effluent  diagram  of  96-hour  trypsin  hydrolysate  of  gland  Sc  (Table  2). 

Abbreviations  same  as  in  Table  1  (Net  C/S  =  net  counts  per  second). 

to  the  column.  Over-all  recoveries  of  radioactivity  ranged  from  95  to  105% 
and  recoveries  of  the  in  the  appropriate  peak  area  in  the  effluent  were 
better  than  94%  in  all  instances.  Apparently  very  little  breakdown  of 
these  compounds  occurs  during  the  chromatographic  procedure. 

The  position  of  these  substances  in  the  effluent  is  shown  in  Figure  1.  The 
sequence  of  mobility  of  these  five  substances  is  regular  and  constant.  In 
addition,  diiodothyronine  appears  just  ahead  of  iodide,  and  the  conjugates 
(?  glucuronides)  of  thyroxine  and  triiodothyronine^  are  eluted  together  60 
ml.  ahead  of  diiodotyrosine. 

2.  Comparison  of  Sodium  Hydroxide  and  Trypsin  Hydrolysis  of  Thyroid 
Tissue. — Basic  to  any  procedure  for  the  quantitation  of  the  iodinated 
amino  acids  of  thyroid  tissue  is  the  method  employed  for  hydrolysis.  Al¬ 
though  sodium  hydroxide  (Leland  and  Foster,  1932)  and  trypsin  (Haring- 

*  Recovered  labeled  with  from  paper  chromatograms  of  bile  from  rats  which  had 
been  given  radiothyroxine  or  radiotriiodothyronine. 
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ton  and  Randall,  1931)  hydrolysis  of  thyroid  tissue  have  been  used  for 
many  years,  no  chromatographic  evaluation  of  these  methods  is  available. 

Histologically  normal  human  thyroid  tissue  was  obtained  from  euthyroid  i)atients 
who  were  undergoing  partial  thyroidectomy  for  carcinoma  or  adenoma  of  the  thyroid 
gland  and  who  had  received  300  to  500  fic.  of  I^®'  48  hours  previous  to  the  operative  pro¬ 
cedure.  Fifty  to  one  hundred  milligrams  of  tissue  was  ground  in  a  glass  homogenizer  and 
hydrolyzed.  Two  N  sodium  hydroxide  (2-5  ml.)  at  95°  to  100°  C.  for  15  to  20  hours,  and 
in  one  instance,  1  ml.  of  an  8%  barium  hydroxide  solution  at  95°  to  100°  C.  for  6  hours 
were  used  for  hydrolysis.  After  cooling,  concentrated  hydrochloric  acid  was  added  until 
the  hydrolysate  was  just  pink  to  phenolphthalein.  The  solution  was  dried  in  a  stream  of 
nitrogen  at  room  temperature  and  after  the  addition  of  1  drop  of  concentrated  hydro¬ 
chloric  acid  the  residue  was  extracted  with  successive  0.4  ml.  portions  of  n-butanol, 
ethanol  and  0.5  N  sodium  hydroxide.  An  aliquot  (usually  0.8  ml.)  of  the  pooled  extracts 
was  added  to  the  column  for  resolution. 

The  second  type  of  hydrolytic  agent  was  trypsin.  In  this  case  the  tissue  was  ground 
in  0.5  ml.  of  a  0.1  N  ammonia,  ammonium  chloride  buffer  at  pH  8.4.  Hydrolysis  was 
initiated  by  the  addition  of  0.5  ml.  of  buffer,  2  mg.  of  trypsin  (Fisher)  and  40  mg.  of 
urea  (per  100  mg.  tissue),  and  was  carried  out  for  16  to  96  hours  at  36°  to  40°  C.  in  a 
stoppered  tube.  During  this  time  further  additions  of  buffer  (totaling  0.5  ml.)  and  trypsin 
(totaling  4  mg.)  were  made  as  the  hydrolysis  progressed.  No  toluene  was  added  to  the 
mixture.  At  the  end  of  the  appropriate  time,  the  hydrolysate  was  evaporated,  extracted 
and  subjected  to  column  resolution  as  outlined  for  the  sodium  hydroxide  hydrolysis 
except  that  it  was  not  neutralized  with  HCl  before  evaporation. 

Table  2  contains  data  relative  to  the  method  of  hydrolysis.  In  the  cases 
of  the  sodium  hydroxide  hydrolyses,  the  barium  hydroxide  hydrolysis,  the 
trypsin  hydrolysis  of  a  trichloroacetic  acid  precipitate  (Fig.  2)  and  the 
trypsin  hydrolysis  in  the  presence  of  toluene  and  sodium  thiosulfate,  note 
the  high  proportion  of  the  radioactivity  in  the  column  residual  fraction  and 
the  presence  of  appreciable  radioactivity  in  an  area  just  ahead  of  the  di- 

Table  2.  Comparison  of  hydrolysis  procedvres 


Hydrolysis  procedure  j  Per  cent  of  total  effluent  radioactivity  in  fractions: 


Gland 

Agent 

Duration, 

hr. 

T. 

T,* 

I 

Pre- 

Ty. 

Tv. 

Tv. 

Int. 

C.R. 

wt 

NaOH.  2N,  2  ml. 

17 

5 

0 

11 

6 

29 

12 

6 

31 

McG 

NaOH,  2N,  3  ml. 

15 

7 

0 

23 

8 

22 

10 

8 

23 

At 

NaOH,  2N.  5  ml. 

19 

5 

0 

16 

8 

34 

20 

5 

11 

ct 

NaOH,  2N,  5  ml. 

20 

6 

0 

19 

12 

29 

16 

5 

13 

F 

NaOH,  2N.  2  ml. 

20 

6 

0 

8 

9 

39 

14 

7 

19 

Rt 

Ba(OH),,  8%.  1  ml. 

6 

2 

0 

12 

4 

15 

9 

10 

49 

F 

Trypsin 

48 

9 

0 

4 

4 

50 

23 

5 

6 

8 

Trypsin 

96 

8 

2 

6 

0 

49 

27 

2 

7 

Kt 

Trypsin 

48 

4 

0 

6 

10 

17 

27 

8 

28 

m 

Trypsin 

94 

9 

0 

10 

8 

16 

25 

4 

29 

K 

Trypsin 

16 

18 

0 

6 

2 

27 

22 

5 

20 

K 

Trypsin 

48 

20 

0 

6 

2 

36 

23 

7 

6 

K 

Trypsin 

91 

26 

3 

8 

1 

36 

21 

2 

2 

Ko 

Trypsin 

96 

11 

1 

3 

0 

45 

33 

2 

5 

Sc 

Trypsin 

96 

11 

2 

7 

0 

38 

35 

3 

5 

Abbreviations  same  as  in  Table  1  (Pre-T^j  =  Prediiodotyroeine  area). 

*  Peak  not  well  defined  except  when  quantitated, 
t  Trichloroacetic  acid  precipitate. 

t  One  drop  of  toluene  and  one  crystal  of  sodium  thiosulfate  added  to  gland  homogenate  before  hydrolysis. 
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Fig.  2.  Effluent  diagram  of  48-hour  trypsin  hydrolysate  of  trichloroacetic  acid 
precipitate  of  gland  Kf  (Table  2).  Abbreviations  same  as  in  Figure  1. 


iodotyrosine  peak  (prediiodotyrosine  area).  The  high  proportion  of  activ¬ 
ity  in  these  areas  is  thought  to  represent  incompletely  hydrolyzed  thyro- 
globulin. 

Support  for  this  concept  is  gained  (Table  3)  from  an  experiment  which 
shows  the  effect  of  base  rehydrolj^sis  on  the  column  residual  fraction  of  a 
trypsin  hydrolysis.  The  radioactivity  is  redistributed  among  the  thy¬ 
ronines,  tyrosines  and  iodide  in  proportions  similar  to  the  results  of  base 


Table  3.  Recovery  and  composition  of  column  residual  fraction 


Radioactivity 

added 

Per  cent  of  radioactivity  recovered  in  fractions: 

T, 

T, 

I 

T.* 

Int. 

C.R. 

Column  residual 
Column  residual 

0 

0 

0 

0 

0 

3 

1 

2 

1 

3 

0 

4 

88 

88 

Rehydrolyzed* 
column  residual 

7 

1 

25 

10 

10 

14. 

25 

Abbreviations  same  as  in  Table  1. 

*  Itehydrolyzed  for  20  hours  with  2  ml.  2N  NaOH. 
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hydrolysis  of  wliole  thyroid  tissue.  In  addition,  reference  to  Table  2  shows 
that  hydrolj'ses  yielding  high  proportions  of  the  radioactivity  in  the  predi- 
iodotyrosine  area  and  column  residual  fraction  have  a  lower  proportion  of 
thyroxine  and  diiodotjTosine.  Extending  the  time  of  trypsin  hydrolysis  to 
4  days  (Table  2)  improves  the  delineation  of  the  triiodothyronine  peak  and 
decreases  the  proportion  of  radioactivity  in  the  prediiodotyrosine  and 
column  residual  areas.  Because  of  the  apparent  incompleteness  and  the 
large  amount  of  inorganic  iodide  after  sodium  hydroxide  hydrolysis,  it  is 
our  opinion  that  this  hydrolytic  agent  is  inferior  to  trypsin. 

3.  Evaluation  of  the  Combined  Trypsin  Hydrolysis  and  Kieselguhr  Column 
Procedures. — The  trypsin  hydrolysis,  evaporation,  extraction  and  column 
procedures  were  further  evaluated  for  iodine  exchange,  compound  break¬ 
down  and  accuracy  of  column  resolution  by  adding  chromatographically 
purified  radioactive  thyroxine,  triiodothyronine,  iodide,  diiodotyrosine  or 
monoiodotyrosine  to  nonradioactive  thyroid  tissue.  Table  4  contains  data 
from  these  experiments.  It  can  be  seen  that  there  was  little  if  any  exchange 
of  radioactive  iodide.  The  tyrosines  were  recoverable  to  90%  and  the  thy¬ 
ronines  to  73%  for  thyroxine  and  84%  for  triiodothyronine.  It  is  apparent 
that  some  breakdown  of  the  thyronines  mainly  to  iodide  (17  and  5%) 
occurred.  It  is  also  apparent  that  some  of  the  triiodothyronine  radioactiv¬ 
ity  appeared  in  the  thyroxine  area  associated  with  the  solvent  front  (7%). 
There  was  no  apparent  breakdown  of  thyroxine  to  triiodothyronine. 

P®'  losses  during  trypsin  hydrolysis,  evaporation,  extraction  and  column 
resolution  have  been  calculated  using  glands  taken  from  patients  who  re¬ 
ceived  a  radioiodine  tracer  before  the  tissue  was  obtained.  The  over-all  re- 


Tablk  4.  Recovery  of  radioactivity  after  addition'  of 

RADIOACTIVE  COMFOUN'DS  TO  THYROID  TISSUE* 


Radioactive 

compound 

added 

Per  cent  of  radioactivity  recovered  in  fractions: 

T4 

T, 

I 

T„2 

T«. 

Int. 

C.R. 

T4  1 

72 

18 

1 

1 

7 

1 

T4 

7:1 

15 

0 

0 

9 

8 

T, 

7 

82 

5 

2 

0 

2 

8 

T, 

t) 

8(5 

4 

1 

0 

2 

2 

I 

1  1 

0 

98 

0 

0 

1 

1 

I 

(  1 

0 

97 

0 

0 

8 

0 

0 

0 

8 

92 

1 

8 

1 

T„2 

!  0 

» 

4 

90 

1 

8 

1 

T»i 

0 

0 

5 

0 

90 

8 

2 

T„, 

(1 

0 

4 

1 

90 

1 

3 

Abbreviations  same  as  in  Table  1. 

*  Compounds  were  added  singly  to  nonradioactive  tissue  which  was  then  subjected  to 
grinding,  hydrolysis  (trypsin),  evaporation,  extraction  and  resolution  on  the  column. 
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covery  of  radioactivity  present  at  the  start  of  tissue  homogenization  was 
usually  better  than  95%.  There  was  only  a  2  or  3%  loss  during  the  hydroly¬ 
sis  and  drjing  procedure.  The  extraction  recovered  98%  of  the  total  radio¬ 
activity  available.  A  chromatographic  examination  of  the  radioactive 
iodine  remaining  in  the  dried  residue  after  extraction  showed  it  to  be  made 
up  mostly  of  the  column  residual  fraction  (80%).  The  sum  of  the  column 
effluent  radioactivity  varied  usually  from  95  to  105%  of  the  added  radio¬ 
activity. 

The  homogeneity  and  identity  of  each  peak  area  of  the  effluent  from 
column  separations  of  trypsin  hydrolysates  of  radioactive  thyroid  tissue 
were  tested  by  rechromatographing  aliquots  of  these  peaks  on  paper.  Mate¬ 
rial  for  rechromatography  was  obtained  from  the  effluent  of  the  column 
procedure  on  rat  or  Graves’  disease  thyroid  hydrolysates.  The  thyronines 
and  iodide  were  rerun  on  paper  using  a  4 : 1  normal  butanol-dioxane  mixture 
saturated  ^^^th  2N  ammonium  hydroxide  (Gross  and  associates,  1950).  The 
tyrosines  and  column  residual  fractions  were  rerun  with  a  mixture  of  luti- 
dine,  125  ml.,  and  water,  44  ml.,  in  an  atmosphere  of  ammonia.  Appropri¬ 
ate  exposure  bj'  the  paper  of  No-Screen  X-ray  film  allowed  localization  of 
the  radioactivity.  In  some  instances  areas  of  radioactivity  on  the  paper 
were  cut  out  and  counted.  Identification  of  these  areas  of  radioactivity  was 
achieved  by  running  an  appropriate  nonradioactive  compound  simultane¬ 
ously  with  the  radioactive  aliquot  in  question  and  development  of  this 
nonradioactive  compound  with  diazo  reagent  (Albright  and  associates, 
1953)  in  the  case  of  the  thyronines,  palladium  chloride  for  iodide  (Gross 
and  Leblond,  1951)  and  ninhydrin  (Consden  and  associates,  1944)  in  the 
case  of  the  tyrosines.  Superimposition  of  the  colored  spot  on  the  paper  on 
the  radioactive  spot  on  the  roentgenographic  film  allowed  identification. 

When  the  radioactive  thyroxine  peak  of  the  hydrolysate  of  rat  or  human 
thyroid  tissue  was  rerun,  most  of  the  activity  was  identified  as  thyroxine. 
The  first  two  fractions  of  this  peak  contained  another  area  of  at  the 
solvent  front  distinct  from  thyroxine,  triiodothyronine  or  iodide.  This  spot 
amounted  to  20%  of  the  radioactivity  of  the  first  3-ml.  fraction  of  the  thy¬ 
roxine  peak  and  much  less  of  the  second  3-ml.  fraction.  Its  identity  is  un¬ 
known.  This  unknown  radioactivity  amounted  to  less  than  10%  of  the 
total  thyroxine  peak.  Reruns  of  the  fractions  from  the  latter  half  of  the 
thyroxine  peak  yielded  only  thyroxine. 

When  the  radioactive  triiodothyronine  and  iodide  peaks  of  a  hydrolysate 
of  a  human  thyroid  gland  were  rerun,  they  were  found  to  consist  of  single 
radioactive  spots  superimposable  respectively  on  the  colored  spots  of 
carrier  nonradioactive  triiodothyronine  and  iodide. 

Direct  application  without  evaporation  of  diiodotyrosine  radioactivity 
from  hydrolysates  of  human  thyroids  yielded  two  radioactive  spots.  The 
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more  intensely  radioactive  spot  (70%  of  the  total  radioactivity)  corre¬ 
sponded  to  the  diiodotyrosine  marker.  The  other,  just  ahead  of  diiodotyro- 
sine  (23%  of  the  activity)  was  not  monoiodotyrosine,  or  iodide.  On  some 
runs  to  which  carrier  diiodotyrosine  was  added,  there  was  also  a  ninhydrin 
positive  spot  corresponding  to  this  radioactivity.  When  the  radioactive  di¬ 
iodotyrosine  from  the  same  source  as  above  was  evaporated  before  applica¬ 
tion  to  the  paper,  there  was  an  increase  in  this  unknown  spot  to  47%  of  the 
radioactivity  on  the  paper.  In  spite  of  the  fact  that  reruns  of  rat  thyroid 
hydrolysate  diiodotyrosine  yielded  a  single  spot  only,  we  believe  that  this 
second  spot  may  be  a  breakdown  product  of  diiodotyrosine  formed  during 
evaporation  or  paper  development. 

In  most  of  the  column  chromatograms,  a  very  low  peak  of  radioactivity 
was  noticed  following  the  diiodotyrosine  peak.  When  this  radioactivity 
from  a  column  run  of  a  rat  gland  In  drolysate  was  rerun  on  paper,  the  radio¬ 
active  spot  so  produced  was  superimposable  on  the  ninhydrin  color  of 
carrier  diiodotyrosine. 

Radioactive  monoiodotyrosine  of  a  hydrolysate  of  a  human  gland  was 
rerun  on  paper  and  yielded  a  single  major  spot  which  was  superimposable 
on  the  colored  spot  of  carrier  monoiodotyrosine.  A  very  faint  unknown  spot 
of  radioactivity  was  also  seen  at  the  solvent  front.  Occasionally  a  split 
peak  of  monoiodotyrosine  radioactivity  was  noted  in  column  effluents.  Re¬ 
runs  of  each  of  these  parts  on  the  column  with  carrier  monoiodotyrosine 
yielded  a  single  peak  of  radioactivity  which  was  identical  with  the  peak  of 
ninhydrin  positive  carrier  (Moore  and  Stein,  1948). 

If  the  column  residual  fraction  was  applied  directly  to  a  paper  and  rerun 
with  lutidine  and  water,  three  main  bands  of  radioactivity  were  develop¬ 
able,  one  of  which  remained  at  the  origin.  Several  other  weaker  bands  were 
also  seen.  Reruns  of  the  column  residual  fraction  of  the  column  indicated 
that  none  of  these  three  main  bands  was  any  known  compound  (Table  3). 
Other  than  the  interpretation  that  they  may  be,  in  part,  polypeptides,  their 
identity  remains  unknown. 

SUMMARY 

A  kieselguhr  column  chromatographic  procedure  which  is  applicable  to 
the  separation  of  thyroxine,  triiodothyronine,  iodide,  diiodotyrosine  and 
monoiodotyrosine  has  been  described  and  evaluated.  When  added  to  the 
column  in  pure  state,  the  recovery  of  each  of  these  compounds  in  its  re- 
spectiv’e  peak  area  is  better  than  94  per  cent. 

This  chromatographic  procedure  was  used  to  evaluate  the  hydrolysis  of 
radioactiv'e  (1*®^)  thyroid  tissue.  A  trypsin  method  was  shown  to  provide 
more  complete  hydrolysis  with  a  similar  or  smaller  risk  of  degradation  of 
the  liberated  amino  acids  than  the  standard  sodium  hydroxide  method. 
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Chromatographically  pure  radiothjToxine,  triiodothyronine,  iodide,  di- 
iodotyrosine  and  monoiodotyrosine  were  added  to  nonradioactive  thyroid 
tissue  which  was  subsequently  homogenized,  hydrolyzed  with  trypsin, 
evaporated,  extracted  and  subjected  to  this  column  procedure.  Thyroxine 
and  triiodothyronine  were  recoverable  to  73  and  84  per  cent  respectively 
and  the  tyrosines  to  better  than  90  per  cent.  No  appreciable  iodine  ex¬ 
change  occurred. 

The  radioactive  peaks  obtained  in  chromatographic  effluents  from  runs 
of  trypsin  hydrolysates  of  radioactive  thyroid  tissue  were  tested  as  to  iden¬ 
tity  and  homogeneity  by  paper  chromatography.  The  presence  of  thyrox¬ 
ine,  triiodothyronine,  iodide,  diiodotyrosine,  and  monoiodotyrosine  in 
human  gland  hydrolysates  was  confirmed.  In  each  of  these  specific  peak 
areas,  no  quantitatively  serious  contamination  was  found. 
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THE  INFLUENCE  OF  AGE  AND  SEX  ON  THE 
SUCCINOXIDASE  ACTIVITY  OF  THE  ADRENLU. 
GLAND  OF  THE  RAT' 

ORIANA  JOSSEAU  KALANT  and  E.  A.  SELLERS 

Department  of  Physiology,  University  of  Toronto,  Toronto,  Canada 

There  are  indications  of  a  parallelism  between  oxidative  processes  in 
the  adrenal  cortex  and  the  synthesis  of  corticosteroids  (Carpenter, 
McLeod  and  Reiss,  1946;  Tepperman,  1950;  Perry  and  Gumming,  1952). 
We  have  undertaken  an  investigation  of  the  oxidative  metabolism  of  the 
adrenal  gland  of  the  rat,  under  various  physiological  conditions,  and  for 
the  experiments  reported  here  have  chosen  the  succinoxidase  system  for 
study  because  of  its  obvious  importance  in  respiratory  oxidations.  Further¬ 
more,  the  activity  of  this  system  is  such  that  it  can  be  measured  in  small 
amounts  of  tisssue. 

During  the  investigation  it  became  apparent  that  there  was  a  pro¬ 
nounced  difference  in  adrenal  succinoxidase  activity  between  male  and  fe¬ 
male  rats.  There  is  evidence  that  the  gonads  exert  a  marked  influence  upon 
adrenocortical  morphology  and  function,  although  the  nature  of  this  in¬ 
fluence  is  not  clear  (Roberts  and  Szego,  1953).  Both  activ’atioh  and  inhibi¬ 
tion  of  adrenocortical  function  by  estrogens  and  by  androgens  have  been 
reported.  In  general  the  estrogens  appear  to  activate  cortical  function 
while  androgens  act  as  inhibitors  (Tepperman,  Engel  and  Long,  1943; 
Parkes,  1945;  Emmens  and  Parkes,  1947).  Because  of  the  connection  be¬ 
tween  gonadal  function  and  age,  the  present  work  is  concerned  with  the 
influence  of  both  age  and  sex  on  the  succinoxidase  activity  of  the  adrenal 
gland  of  the  rat. 

METHODS 

Rats  of  the  Wistar  strain  bred  in  the  Department  of  Physiology  were  used.  Animals 
of  both  sexes  were  chosen  from  each  of  three  age  groups:  4  to  5,  7.5  to  9,  and  17  to  19 
weeks.  The  animals  were  kept  in  groups  of  between  7  and  10  to  a  cage  and  fed  fox 
breeder  cubes  (Master  Feeds)  and  water  ad  libitum.  Thej'  were  killed  by  dislocation  of 
the  cervical  cord  and  were  allowed  to  bleed  through  the  severed  aorta.  The  adrenal 
glands  were  removed  immediately,  trimmed  of  fat,  and  weighed  on  a  torsion  balance. 
They  were  bisected  and  placed  in  a  glass  Potter-Elvehjem  homogenizer  tube.  Cold  glass- 
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distilled  water  was  added  in  an  amount  necessary  to  make  a  5%  homogenate  and  the 
glands  were  homogenized  for  three  minutes. 

Suecinoxidase  activity  was  measured  manometrically  by  the  method  of  Schneider  and 
Potter  (1943),  under  conditions  in  which,  presumably,  the  limiting  factor  of  the  overall 
reaction  is  the  activity  of  the  succinic  dehydrogenase.  Each  vessel  contained:  1.0  ml.  of 
0.1  M  phosphate  buffer  (pH  7.4),  0.4  ml.  of  10“^  M  cytochrome  c  (Signia  Chemical  Co.), 
0.3  ml.  of  4X10~®  M  AlClj,  0.3  ml.  of  0.5  M  sodium  succinate  (pH  7.4),  0.4  to  0.6  ml.  of 
a  5%  adrenal  gland  homogenate,  and  distilled  water  to  make  up.3.0  ml.  The  center  well 
contained  0.2  ml.  of  10%  KOH  and  a  folded  piece  of  filter  paper  1  inch  square.  All  vessels 
were  kept  on  cracked  ice  during  the  preparation  period  which  lasted  between  45  and 
60  minutes.  After  equilibration  for  15  minutes  at  38“  C.  (with  air  as  the  gaseous  phase) 
readings  were  taken  at  intervals  of  10  minutes,  for  one  hour.  The  vessels  were  then  re¬ 
moved  from  the  water  bath.  Because  of  the  appearance  of  coar.se  agglutination  particles 
during  the  incubation  period,  each  sample  was  again  homogenized,  and  an  aliquot  was 
taken  for  nitrogen  determination  by  the  micro-Kjeldahl  method. 

In  the  four  week  old  animals  the  glands  from  3  rats  were  pooled  because  20  to  30  mgs. 
of  tissue  were  required  for  each  determination.  In  the  eight  week  old  group  the  glands 
from  2  animals  were  pooled.  In  the  older  animals  each  determination  was  done  with  the 
adrenals  of  one  rat. 

The  suecinoxidase  activity  is  expressed  as  total  oxygen  uptake  in  terms  of  microliters 
of  oxygen  per  1  mg.  of  adrenal  nitrogen  during  the  first  hour.  The  %  adrenal  nitrogen  in 
both  sexes  at  the  three  age  levels  studied  is  remarkably  constant;  therefore,  the  results 
have  not  been  expressed  in  terms  of  wet  weight  of  gland.  Because  both  adrenal  gland  size 
and  body  weight  of  the  two  sexes  at  various  ages  differ,  the  results  have  also  been  ex¬ 
pressed  as  microliters  of  oxygen  per  pair  of  glands,  and  per  100  gm.  of  body  weight,  per 
hour. 

The  results  were  analyzed  statistically  by  means  of  Fisher’s  “t”  test. 

RESULTS 

At  four  weeks  of  age  the  suecinoxidase  activity  was  found  to  be  approxi¬ 
mately  21%  higher  in  the  adrenal  glands  of  the  males  (p  <0.01).  Neither 
the  adrenal  weights  nor  the  body  weights  differed  in  the  two  sexes  and, 
therefore,  the  oxygen  uptake  corresponding  to  the  total  amount  of  gland, 
and  to  100  gm.  of  body  weight,  was  also  approximately  23%  higher  in  the 
males  than  in  the  females  (Table  1).  At  this  age  all  the  females  had  closed 
vaginas  and  about  50%  of  the  males  had  undescended  testes. 

At  7.5  to  9  weeks  of  age,  the  adrenal  suecinoxidase  activity  in  the  males 
was  82%  higher  than  in  the  females  (p  <0.01).  However,  since  the  adrenal 
glands  of  the  males  were  30%  lighter  than  those  of  the  females  the  oxygen 
uptake  by  the  total  gland  tissue  was  only  20%  higher  in  the  males,  a  differ¬ 
ence  not  statistically  significant.  The  average  body  weight  of  the  males 
was  30%  greater  than  that  of  the  females;  therefore  the  oxygen  uptake  per 
100  gm.  of  body  weight  was  similar  in  both  groups  (Table  1). 

At  17  to  19  weeks  of  age  the  adrenal  suecinoxidase  activity  in  relation 
to  nitrogen  content  was  79%  higher  in  the  males  than  in  the  females 
(p  <0.01).  However,  since  the  adrenals  of  the  males  were  24%  lighter  than 
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Table  1.  Succinoxidase  activity  of  adrenal  glands  of  male  and  female 
RATS  AT  4,  8  AND  18  WEEKS  OF  AGE 
(Average  values  +  or  —  the  standard  error  of  the  mean) 


Sex  and 
age  in 
weeks 

No.  of 
animals 
(No.  of 
observa¬ 
tions) 

Body  wt., 
gm. 

.Adrenal  gland 

^I.  O:  in  Ist.  hour 

Wt.,  mgs. 

wt.. 

mgs./lOO 
gm.  body 
weight 

N  % 

Per  mg. 
adrenal 

N 

Per 
pair  of 
glands 

Per 

100  gm. 
body 
wt. 

.M 

4-5 

30  (10) 

75±2 

18.0±0.4 

24.010.7 

2.57±0.a3 

25612 

11814 

15812 

K 

4-5 

30  (10) 

74  ±3 

17.810.3 

24.010.7 

2.5510.03 

21212 

9413 

12812 

M 

7.5-9 

14  (7) 

198  ±8 

26.110.9 

13.210.6 

2.5510.03 

308115 

203  1  8 

10313 

F 

7.5-9 

14  (7) 

152  ±3 

.37.811.8 

24.8±1.0 

2.5910.04 

169  ±9 

168116 

10919 

M 

17-19 

7(7) 

350  ±10 

33.211.5 

9.510.4 

2.2310.12 

265118 

197 1 20 

5615 

K 

17-19 

7(7) 

200  ±7 

43.613.0 

21.811.4 

2.5010.06 

14817 

164121 

82110 

those  of  the  females  the  oxygen  uptake  corresponding  to  the  total  gland 
tissue  was  only  20%  higher  in  the  males,  a  difference  not  statistically  signif¬ 
icant.  The  average  body  weight  was  75%  higher  in  the  males  than  in  the 
females  (Table  1) ;  therefore,  the  oxygen  uptake  per  100  gm.  of  body  weight 
was  30%  lower  in  the  males.  This  difference  does  not  quite  meet  the  re¬ 
quirements  of  statistical  significance  (0.1>p>0.05)  (Table  1). 

The  rates  of  oxygen  uptake  corresponding  to  the  six  groups  of  animals 
are  shown  graphically  in  Figure  1.  It  can  be  seen  that  the  rates  decline  from 
the  first  10  minute  period  onwards  in  all  groups. 

DISCUSSION 

The  results  show  that  the  adrenal  gland  of  the  male  rat  has  a  consider¬ 
ably  higher  succinoxidase  activity  per  unit  of  nitrogen  content  than  that 
of  the  female  at  all  age  levels  studied.  That  this  difference  is  related  to 
gonadal  function  is  supported  by  the  fact  that  the  magnitude  of  the  differ¬ 
ence  is  smallest  (21%)  in  the  sexually  immature  groups  (Fig.  2). 

Since  whole  adrenal  glands  were  used,  the  question  arises  as  to  whether 
the  succinoxidase  activity  measured  represents  the  activity  of  both  cortex 
and  medulla  or  mainly  that  of  the  cortex.  The  relative  volumes  of  cortex 
and  medulla  in  the  adrenals  of  the  rat  have  been  shown  to  bear  a  ratio  of 
10:1  or  greater,  (Donaldson,  1919;  Jackson,  1919)  the  ratio  being  bigger 
in  the  female  than  in  the  male.  The  actual  amount  of  medullary  tissue  in 
the  glands  of  the  two  sexes  is  the  same  so  that  the  difference  in  adrenal 
gland  size  is  due  to  a  difference  in  the  amount  of  cortical  tissue.  Further¬ 
more,  Sourkes  and  Heneage  (1952)  have  shown  that  the  rate  of  oxidation 
of  succinate  is  about  t^^^ce  as  great  in  cortical  as  in  medullary  tissue.  This 
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Fig.  1.  Rates  of  Oo  uptake  bj*  the  suc- 
cinoxidase  system  of  adrenal  glands  of 
male  and  female  rats  of  different  ages. 
1)  rats  aged  4  weeks;  2)  rats  aged  8  weeks; 
3)  rats  aged  18  weeks. 


Fig.  2.  Influence  of  age  and  sex  on  the 
succinoxidase  activity  of  adrenal  glands  of 
rats. 


means,  in  all  probability,  that  the  differences  observed  in  the  present  study 
are  due  mainly  to  differences  in  cortical  tissue  activity. 

While  the  conditions  used  for  measuring  succinoxidase  activity  are 
known  to  provide  a  measure  of  the  succinic  dehydrogenase  activity  when 
applied  to  preparations  such  as  liver  and  muscle,  it  remains  to  be  shown 
whether  this  is  the  case  in  the  adrenal  preparations.  Factors  other  than  the 
dehydrogenase  might  presumably  affect  the  rate  of  the  overall  reaction  in 
particular  cases.  Therefore,  for  the  present,  the  results  must  be  considered 
to  represent  overall  succinoxidase  activity  rather  than  a  selective  evalua¬ 
tion  of  the  dehydrogenase  activity. 

It  will  be  seen  from  the  progress  curves  of  oxygen  uptake  in  Figure  1  that 
the  falling  off  in  the  rate  is  more  pronounced  in  the  case  of  preparations 
from  female  animals  than  from  male  animals.  A  study  of  the  slopes  of  the 
individual  curves  has  shown  that  this  difference  between  the  sexes  is  less 
marked  at  four  weeks  of  age  than  in  the  older  animals.  An  explanation  of 
the  progressive  falling  off  of  the  velocity  in  all  preparations  of  the  succin¬ 
oxidase  from  adrenal  glands,  and  of  the  interesting  sex  difference  in  this  re¬ 
spect  must  await  a  more  detailed  study  of  these  preparations. 

The  physiological  significance  of  the  marked  difference  in  succinoxidase 
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activity  of  male  and  female  rat  adrenals  will  not  become  apparent  until  a 
better  understanding  is  gained  of  the  manner  in  which  oxidative  enzyme 
activity  is  related  to  the  specific  functions  of  the  gland.  There  is  some  evi¬ 
dence  that  conditions  known  to  increase  secretion  of  cortical  hormones, 
like  administration  of  ACTH  or  cold  exposure,  increase  the  oxidative  me¬ 
tabolism  of  the  adrenals  while  cortisone  administration  decreases  it 
(Carpenter,  McLeod  and  Reiss,  1946;  Perry  and  Gumming,  1952).  How¬ 
ever,  the  evidence  so  far  available  does  not  seem  enough  to  conclude  that 
under  all  conditions  hormone  synthesis  and  oxidative  metabolism  run 
parallel.  Whatever  the  significance  of  these  findings  may  be,  it  is  clear  that 
changes  in  adrenal  gland  size,  per  se,  should  be  interpreted  with  consider¬ 
able  caution.  This  is  of  particular  interest  in  relation  to  the  effects  of 
gonadal  secretions  on  adrenal  function,  since  a  great  deal  of  the  available 
evidence  indicating  that  estrogens  stimulate,  while  androgens  inhibit  the 
adrenal  cortex,  has  been  based  on  adrenal  size  measurements.  Although 
the  findings  herewith  reported  do  not  necessarily  exclude  such  a  conclusion, 
they  make  it  questionable,  and  therefore  subject  to  revision. 

SUMMARY 

The  succinoxidase  activity  of  the  adrenal  glands  of  male  and  female  rats 
of  approximately  four,  eight  and  eighteen  weeks  of  age  has  been  measured 
in  whole  gland  homogenates.  This  activity,  expressed  in  terms  of  adrenal 
nitrogen,  is  significantly  greater  in  the  glands  of  the  males  than  in  those  of 
the  females  at  all  ages  studied.  The  difference  is  smallest  (21%)  at  four 
weeks  of  age  and  greatest  (80%)  at  eight  and  eighteen  weeks  of  age. 
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EFFECTS  OF  PINEAL  EXTRACT  ADMINISTRATION 
ON  OVARY  WEIGHT  IN  RATS' 

JULIAN  1.  KITAY  and  MARK  D.  ALTSCHULE 

Laboratory  of  Clinical  Physiology,  McLean  Hospital,  Waverley,  the  Department  of 
Medicine,  Harvard  Medical  School,  and  the  Biological  Research  Laboratories, 
Harvard  School  of  Dental  Medicine,  Boston,  Massachusetts 

PINEALECTOMY  in  the  immature  rat  causes  statistically  significant 
increases  in  gonadal  weight  (Izawa,  1926;  Kitay,  1954;  Simonnet  et  al., 
1951),  On  the  other  hand,  the  administration  of  pineal  extract  in  the  rat  is 
said  to  produce  either  gonadal  hypertrophy  (Milco,  1941),  gonadal  atroph}' 
(Engel,  1934;  Moszkowska,  1951;  Tsuchimoto,  1933;  Wakida,  1944),  or  no 
change  in  gonadal  weight  (Hartog  Jager  and  Heil,  1935;  Hoskins,  1916; 
Roux,  1937;  Sisson  and  Finney,  1920;  Tomorug  and  Hussar,  1942;  Ways- 
baum-Moschkowski,  1945),  The  last  finding  has  been  generally  accepted 
despite  the  fact  that  all  of  the  published  data  on  pineal  extract  administra¬ 
tion  in  the  rat  are  fragmentary  and  inconclusive.  In  view  of  this  lack  of 
statistically  significant  data,  the  following  preliminary  study  was  under¬ 
taken. 

MATERIAL  AND  METHODS 

Powdered  bovine  pineal  glands  were  supplied  by  the  Wilson  Laboratories  of  Chicago, 
Illinois,  The  glands,  obtained  from  two-year-old  government-inspected  steers,  had  been 
removed  and  frozen  shortly  after  slaughtering.  When  the  glands  had  been  thawed  out  in 
the  laboratory,  the  tissue  juice  was  extracted  by  pressure  and  mixed  with  four  parts  of 
cold  acetone.  The  resulting  precipitate  was  dried  rapidly  and  stored  at  room  tempera¬ 
ture,  The  pineal  extract  used  in  the  experiments  described  below  was  i)rei)ared  by 
mixing  the  powder  with  distilled  water  in  a  Waring  blendor.  Undissolved  material  was 
removed  by  centrifuging  and  the  solution  was  passed  through  a  bacteriological  filter. 
The  concentration  of  the  extract  was  adjusted  so  that  1  ml.  contained  the  soluble  ma¬ 
terial  from  100  mg.  of  pineal  powder.  The  prei)aration  was  kept  frozen  until  the  day  of 
use. 

Three  series  of  female  Wistar  rats  were  given  the  pineal  extract  by  daily  intraperi- 
toneal  injection  for  fourteen  days.  The  rats  of  Series  1  were  started  at  32  daj's  of  age  and 
received  daily  injections  of  0.5  ml.  of  pineal  extract  (equivalent  to  50  mg.  of  powder). 
The  animals  in  Series  2,  started  at  30  days,  and  those  in  Series  3,  started  at  45  days  of 
age,  all  received  1.0  ml.  daily  (equivalent  to  100  mg.  of  powder). 

Control  groups  in  each  series  were  given  equivalent  volumes  of  distilled  water.  Ovary 
and  body  weights  were  measured  in  all  three  series  at  autopsy  on  the  day  following  the 
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last  injection.  Diet  for  all  animals  consisted  of  Purina  Laboratory  Chow,  and  water 
supplied  ad  libitum. 

RESULTS 

The  mean  ovary  weights  of  the  various  pineal-treated  and  control  groups 
are  presented  in  Table  1.  Analysis  of  covariance  of  ovary  weight  and  body 


Table  1.  Effects  of  pineal  extract  administration  on  mean  ovary  wegiht 


Series 

Arp  at 
onset 
(days) 

Age  at 
autopsy 
(days) 

No. 

of 

rats 

Treat¬ 

ment 

Mean 

ovary 

wts.  +S.E.* 
(mg.) 

P 

Mean 

ovary 

wts.  iS.E.f 
(mg.) 

P 

1 

32 

47 

H) 

Pineal 

20.7+2.4 

>0.05 

.30.3  +  1.0 

<0.05 

10 

Water 

34.0  +  1.7 

33.4+0.9 

2 

30 

45 

21 

Pineal 

18.7  +  1.1 

<0.001 

18.8  +  1.0 

<0.001 

21 

Water 

29.3  +  1.5 

29.1+1.5 

3 

45 

60 

18 

Pineal 

40.4+2.8 

<0.05 

42.7  +  1.6 

>0.05 

18 

Water 

49.0±2.4 

46.7+2.1 

*  Mean  ±  Standard  Error  of  the  mean. 

t  .\djusted  Mean  ±  Standard  Error  of  the  mean  after  correction  by  analysis  of  covariance. 


weight  was  made  for  each  group;  the  mean  ovary  weights,  adjusted  for 
variation  in  body  weights,  also  are  shown  in  the  table.  Diminution  of  ovary 
weight  in  the  pineal-treated  groups  was  observed  in  all  three  series.  The 
observed  decrease  in  mean  ovary  weight  in  Series  1  is  not  statistically  signif¬ 
icant  of  itself.  However,  when  variation  in  body  weight  is  taken  into  ac¬ 
count,  through  analysis  of  covariance,  the  difference  proves  to  be  signif¬ 
icant  at  the  5%  level  of  confidence.  The  ovaries  of  the  rats  in  this  series  did 
not  differ  in  appearance  from  those  of  control  animals.  The  mean  ovary 
weight  of  the  pineal-treated  group  in  Series  2  was  36%  less  than  that  of  the 
control  group.  This  difference  is  significant  at  the  0.1%  level,  and  the 
significance  is  unchanged  by  analysis  of  covariance.  In  Series  2,  19  of  the 
21  control  rats  had  hemorrhagic  ovarian  follicles,  whereas  only  3  pineal- 
treated  animals  showed  such  findings.  This  difference  also  is  significant  at 
the  0.1%  level  of  confidence  (Table  2).  The  decrease  in  mean  ovary  weight 
in  the  pineal-treated  rats  of  Series  3  is  significant  at  the  o%  level.  However, 
this  difference  is  not  significant  when  variation  in  body  weight  is  taken 
into  account  through  analysis  of  covariance.  The  ovaries  of  the  animals  in 


Table  2.  Condition  of  ovaries  of  the  rats  in  series  2 


Findings 

Pineal 

Water 

Totals 

Hemorrhagic  follicles 

3 

19 

22 

Infantile 

18 

2 

20 

Totals 

21 

21 

42 

(Chi-square  =21.4;  P  ^0.001.) 
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this  series  did  not  differ  in  appearance  from  those  of  the  control  animals. 
The  hod}'  weights  of  the  pineal-treated  and  control  groups  did  not  differ 
significantly  in  any  series. 


DISCUSSION 

The  results  in  Series  2  demonstrate  that  two  weeks’  daily  administration 
of  1.0  ml.  of  pineal  extract  produces  marked  ovarian  atrophy  in  immature 
animals.  This  atrophy  was  not  influenced  by  variation  in  body  weight.  The 
treatment  also  inhibited  the  formation  of  corpora  hemorrhagica.  On  the 
other  hand,  the  indication  that  ovarian  atrophy  was  produced  by  daily  in¬ 
jection  of  0.5  ml.  of  pineal  extract  in  Series  1  has  only  borderline  signifi¬ 
cance  when  examined  statistically.  The  variation  in  significance  between 
the  observed  difference  and  the  difference  obtained  by  correcting  for  bodj" 
weight  may  be  explained  by  the  fact  that  the  animals,  though  of  the  same 
age  were  a  mixture  of  two  lots  with  varying  body  weights. 

The  effectiveness  of  daily  injection  of  1.0  ml.  of  extract  as  compared  with 
the  relative  ineffectiveness  of  a  dose  of  0.5  ml.  suggests  a  method  of  assay¬ 
ing  the  potency  of  pineal  extracts.  Ovarian  atrophy,  inhibition  of  follicular 
changes,  or  both  of  these  might  be  used  as  the  criterion  in  such  an  assay. 

The  results  in  Series  3  were  of  questionable  statistical  significance;  they 
suggest  that  pineal  extract  may  not  influence  ovarian  weight  in  animals 
that  are  treated  when  sexually  mature. 

SUMMARY 

Daily  administration  of  pineal  extract  for  fourteen  daj’s  produces  ovar¬ 
ian  atrophy  in  the  immature  rat. 
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THE  SITE  OF  FOLLICLE  STIMULATING  AND 
LUTEINISING  HORMONE  PRODUCTION 
IN  THE  RAT  PITUITARY 

H.  D.  PURVES  AND  W.  E.  GRIESBACH 

From  the  Endocrinology  Research  Department  of  the  Medical  Research  Council  of 
New  Zealand,  Medical  School,  Dunedin,  New  Zealand 

IN  A  previous  pul)lication  (Purves  and  Griesbaeh,  1951)  the  presence  of 
two  distinct  kinds  of  basophil  cells  in  the  anterior  pituitary  of  the  rat 
was  reported.  Evidence  was  presented  that  one  of  these  kinds  was  exclu¬ 
sively  concerned  with  the  production  of  thyrotrophic  hormone,  while  the 
other  was  exclusively  gonadotrophic  in  function.  It  was  considered  that  the 
latter  cells  were  responsible  for  the  secretion  of  the  follicle  stimulating  hor¬ 
mone,  but  the  observations  made  at  the  time  were  inadequate  to  establish 
the  site  of  production  of  the  luteinising  hormone.  ]\Iore  recent  observations 
have  shown  that  the  gonadotrophic  basophils  of  the  rat  pituitary  may  be 
further  subdivided  into  two  specific  types.  One  type  has  a  peripheral  dis¬ 
tribution  in  the  anterior  lobe,  and  under  most  circumstances,  gives  a  strong 
glycoprotein  reaction  with  the  periodic  acid-Schitf  procedure  for  the  de¬ 
monstration  of  glycoprotein.  In  the  interior  of  the  anterior  lobe,  basophil 
cells  of  rounded  contours  which  are  quite  distinct  from  the  thyrotrophs 
may  be  demonstrated  under  favourable  circumstances  (Purves  and  Gries- 
bach,  1952;  Siperstein,  Nichols,  Griesbaeh  and  Chaikoff,  1954).  The  inten¬ 
sity  of  the  glycoprotein  reaction  in  these  cells  is,  under  most  circumstances, 
much  weaker  than  that  in  the  peripheral  gonadotrophs,  which  accounts 
for  the  presence  of  these  cells  in  normal  pituitaries  being  overlooked  in  the 
earlier  investigations.  Since  both  types  react  strongly  in  accordance  with 
variations  in  gonadotrophin  secretion,  both  types  are  presumed  to  be 
gonadotrophic  in  function.  If  the  two  types  can  be  established  as  being 
functionally  distinct,  then  it  would  be  probable  that  one  of  them  is  exclu¬ 
sively  responsible  for  follicle  stimulating  hormone,  and  the  other  for  lu¬ 
teinising  hormone  secretion. 

The  functional  differentiation  of  the  two  gonadotrophic  types  is  difficult 
to  achieve  since,  under  most  circumstances,  the  activities  of  the  two  types 
of  cells  run  roughly  parallel.  It  is,  therefore,  necessary  to  produce  an  artifi¬ 
cial  condition  in  which  a  differential  effect  on  the  secretion  of  the  two 
gonadotrophic  hormones  may  be  observed.  Greep  and  Jones  (1950)  have 
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shown  that  treatment  of  adult  female  rats  with  appropriate  doses  of  testos¬ 
terone  leads  to  an  increased  potency  of  the  pituitary  gland  in  follicle 
stimulating  hormone,  and  a  reduction  and  eventual  disappearance  of 
luteinising  hormone.  The  effects  of  testosterone  injections  on  the  glyco¬ 
protein  content  of  the  gonadotrophs  of  the  adult  female  rat  pituitary  have 
therefore  been  investigated.  ^Results  indicate  that  the  peripheral  gonado¬ 
trophs  are  follicle  stimulating  in  function,  while  the  central  gonadotrophs 
are  probably  luteinising.J 


MATERIALS  AND  METHODS 

Adult  female  rats,  three  months  of  age,  were  injected  with  testosterone  propionate 
(“Perandren”  Ciba,  2.50  ng.  per  day)  for  i)eriods  up  to  28  days.  The  rats  also  received 
injections  of  5  fig.  of  L-thyroxine  per  day.  The  thyroxine  was  given  for  the  purpose  of 
suppressing  the  glycoprotein  content  and,  therefore,  the  visibilitj'  of  thjTotrophs,  thus 
enabling  a  clearer  picture  of  the  centrally  situated  gonadotrophs  to  be  obtained.  For  the 
purpose  of  comparison,  pituitary  glands  have  been  obtained  from  immature  rats,  from 
mature  female  rats  in  c}'clical  activity,  and  from  pregnant  female  rats.  Some  of  these 
animals  received  injections  of  L-thyroxine,  while  others  were  untreated. 

Histological  Methods.  For  histological  examination,  the  pituitaries  were  removed  im¬ 
mediately  after  death  and  fixed  in  formol-sublimate  (1 :9).  Sections  cut  at  5  /x  were  sub¬ 
jected  to  the  periodic  acid-Schiff  procedure  (PAS)  as  previously  described  (Purves  and 
Griesbach,  1951).  A  faint  nuclear  staining  was  obtained  by  staining  for  two  to  five  sec¬ 
onds  in  Harris’  haematoxjdin,  diluted  one  in  ten  with  1%  acetic  acid. 


RESULTS 

The  thyroxine  treatment  in  all  cases  caused  the  disappearance  of  the 
angular  thyrotrophic  basophils,  and  the  remaining  basophils  were  round 
or  oval  in  outline.  Control  experiments  showed  that  the  round  or  oval 
basophils  were  equally  well  visualized  in  animals  not  treated  with  thy¬ 
roxine,  being  distinguished  by  their  shape  from  the  characteristically 
angular  thyrotrophs.  In  the  doses  used  in  these  experiments  thyroxine, 
therefore,  totally  inhibited  the  thyrotrophs  without  showing  any  apparent 
effect  on  the  non-thyrotrophic  basophils. 

In  the  immature  female  rats  rounded  basophil  cells  with  distinct  glyco¬ 
protein  containing  granules  are  present  throughout  the  anterior  lobe  of  the 
pituitary  gland  (Figs.  1  and  2).  The  peripherally  situated  gonadotrophs  ire 
in  general  distinguished  by  a  coar.ser  granulation  and  more  strongly  posi¬ 
tive  glycoprotein  reaction.  The  centrally  situated  gonadotrophs  have  a 
much  finer  granulation,  and  the  intensity  of  the  glycoprotein  reaction  is 
weaker,  so  that  the  colour  obtained  by  the  PAS  reaction  is  pink  rather  than 
red.  The  centrally  situated  gonadotrophs  are  on  the  whole  larger  and 
rounder  than  the  peripherally  situated  type.  They  are  normally  seen  in 
small  aggregates  only,  and  they  do  not  show  the  same  affinity  for  the 
larger  blood  ves.sels  that  is  often  a  striking  characteristic  of  the  peripheral 


December,  195^ 


FSH  AND  LH  IN  THE  RAT  PITUITARY 


787 


Fig.  1.  Pituitary  of  twenty-five  da}'  old  female  rat.  Periphery  of  anterior  lobe,  show¬ 
ing  gonadotrophs  containing  coarse  dark  granules.  Perivascular  arrangement  of  cells. 
PAS,  haematoxylin.  X675. 


Fig.  2.  Centre  of  same  section  as  in  Fig.  1.  Large  round  cells  with  fine  granulation 
(C).  Nuclei  of  these  cells  are  denser  than  nuclei  of  most  other  cells.  PAS,  haematoxylin. 
X675. 
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Fig.  3.  Pituitary  of  fifty-six  day  old  female  rat.  Periphery  of  anterior  lobe. 
Gonadotrophs  (P)  apjiear  degranulated.  PAS,  haeinatoxylm.  X675. 


Fig.  4.  Centre  of  same  section  as  in  Fig.  3.  In  the  right  half  of  the  section,  round 
pale  cells  (C)  are  seen  in  contact  with  capillary.  PAS,  haematoxylin.  X67o. 
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type.  In  seiieral,  the  golgi  body,  visible  as  a  negative  image  in  PAS  prepar¬ 
ations,  is  more  conspicuous  in  the  centrally  situated  cells  than  in  the  pe¬ 
ripheral  gonadotrophs. 

In  the  adult  female,  during  cyclic  estrous  activity,  gonadotrophic  baso¬ 
phils  are  infrequent  and  difficult  to  identify  and  study.  Apparently  the 
cyclic  discharge  of  gonadotrophic  hormones  with  recurrent  estrous  cycles 
has  so  lowered  the  glycoprotein  content  that  identification  of  the  gonado¬ 
trophic  cells  is,  in  most  instances,  impossible  (Figs.  3  and  4).  During  preg¬ 
nancy,  when  the  estrous  cycle  is  interrupted,  large  numbers  of  basophils 
are  demonstrable  in  the  female  rat  pituitary  by  PAS  and  by  other  staining 
methods.  The  thyrotrophs  and  gonadotrophs  share  in  this  marked  basophil 
activation  during  pregnancy.  Pre-treatment  with  thyroxine  totally  inhibits 
the  thyrotrophs,  and  in  such  animals  the  presence  of  gonadotrophs  of  both 
the  peripheral  and  central  types  is  easily  demonstratediThe  characteristic} 
larger  size,  rounder  contour,  finer  granulation  and  more  conspicuous  golgiV 
body  of  the  central  gonadotrophs  are  especially  marked  in  the  pregnant\ 
female  rat  pituitary  (^igs.  5  and  6).J 

The  administration  of  testosterone  to  the  mature  non-pregnant  female 
rat  resulted  after  10  days  in  a  marked  increase  in  the  numbers  of  both 
central  and  peripheral  types  of  gonadotrophs.  After  21  days,  a  differential 
action  of  the  testosterone  on  the  two  types  of  gonadotroph  was  apparent. 
The  central  gonadotrophs  had  regressed  and  were  represented  by  small, 
shrunken  cells,  with  pyknotic  nuclei.  The  glycoprotein  reaction  in  these 
cells  was  either  faint  or  absent.  On  the  other  hand  the  peripheral  gonado¬ 
trophs,  although  small,  were  full  of  coarse  granules  giving  an  intense  gly¬ 
coprotein  reaction.  After  28  days  the  regressive  changes  in  the  central 
gonadotrophs  had  proceeded  so  far  that  these  cells  could  no  longer  be 
visualised.  The  peripheral  gonadotrophs,  on  the  other  hand,  presented  the 
same  appearance  as  after  treatment  for  21  days,  being  small  inactive  look¬ 
ing  cells  with  pronounced  glycoprotein  storage  in  the  cytoplasm  (Figs.  7 
and  8). 

Discussion.  Creep  and  Jones  (1950)  have  investigated  the  effect  of  testos¬ 
terone  injections  on  the  gonadotrophin  potency  of  the  female  rat  pitui¬ 
tary.  They  found  that  small  doses  of  testosterone  led  to  a  marked  increase 
in  the  gonadotrophic  potency  of  the  pituitary  as  determined  by  assay.  As 
the  dosage  of  testosterone  was  increased,  the  hormone  content  was  de¬ 
pressed.  At  the  highest  level  (500  jug.  testosterone  propionate  per  day) 
gonadotrophin  potency  was  still  present,  but  the  response  was  purely 
follicle  stimulating.  The  complete  absence  of  luteinising  hormone  was  made 
evident  by  the  fact  that  the  follicular  stimulation  in  the  hypophysec- 
tomised  recipient  rats  was  not  accompanied  by  any  estrogen  production 
and  the  uteri  of  the  recipient  rats  were,  in  consequence,  completely  un- 
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Fig.  6.  Pituitary  of  pregnant  rat,  three  months  old.  Centre  of  anterior  lobe  shows 
finely  granulated  large  gonadotrophs  with  conspicuous  Golgi  image.  PAS,  haematoxylin. 
X675. 
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Fig.  5.  Pituitary  of  pregnant  rat,  three  months  old.  Periphery  of  anterior  lobe. 
Coarsely  granulated  gonadotrophs  may  be  seen  round  a  large  portal  vessel.  Negative 
Golgi  images  visible.  PAS,  haematoxylin.  X675. 
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Fig.  7.  Pituitary  of  adult  female  rat  after  twenty-eight  day.s  treatment  with  testos¬ 
terone  propionate.  Periphery  of  anterior  lobe,  showing  shrunken,  coarsely  granulated 
gonadotrophs  along  blood  vessels.  PAH,  haematoxylin.  X675. 


Fig.  8.  Same  section  as  in  Fig.  7.  Centre  of  anterior  lobe.  Small  pale  cells  (C)  with 
pyknotic  nuclei  and  partly  disrupted  cytoplasm  may  be  seen  along  capillaries.  One 
conspicuous  angular  thyrotroph  is  visible.  PAS.  haematoxylin.  X675. 
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stimulated.  In  our  cytological  observations  a  differential  effect  of  testoster¬ 
one  on  peripheral  and  central  gonadotrophs  was  obtained,  such  that  gly¬ 
coprotein  storage  was  promoted  in  the  peripheral  type  of  gonadotroph, 
while  the  central  type  was  completely  inhibited.  We  have  not  controlled 
the  complete  absence  of  luteinising  hormone  from  the  pituitaries  of  our 
testosterone  treated  rats  by  assays  on  hypophysectomised  recipients,  but 
simple  assays,  using  immature  female  rats  as  test  animals,  showed  an  in¬ 
creased  follicle  stimulating  potency  and  complete  absence  of  luteinisation. 
We  therefore  consider  that  our  results,  in  conjunction  with  the  assays  of 
Greep  and  Jones,  indicate  that  the  follicle  stimulating  hormone  is  pro¬ 
duced  by  the  peripheral  type  of  gonadotroph,  while  the  central  typeis  in  all 
probability  responsible  for  the  luteinising  hormone.  This  view  will  be 
further  supported  by  observations  on  the  sequence  of  changes  in  both 
peripheral  and  central  gonadotrophs  following  castration  in  the  rat, 
which  are  to  be  presented  in  a  subsequent  paper.  It  has  been  found  that  in 
pituitary  glands  of  high  luteinising  potency,  the  central  gonadotrophs  are 
I  especially  numerous  and  rich  in  glycoprotein. 

Siperstein  et  al.  (1954)  have  followed  the  changes  in  the  basophils  of  the 
rat  pituitary  from  birth  to  maturity.  They  distinguished  between  central 
and  peripheral  gonadotrophic  types,  and  found  that  in  immature  animals 
both  types  were  prominent.  An  interesting  observation  was  made  concern¬ 
ing  the  changes  in  gonadotrophs  occurring  at  the  time  of  natural  matura¬ 
tion  of  the  female.  After  the  first  estrus,  which  occurred  at  about  42  days, 
both  gonadotrophic  cell  types  were  found  to  hav'e  undergone  extensive  de¬ 
granulation.  In  the  majority  of  animals  examined  at  the  age  of  42  days,  de¬ 
granulation  of  the  peripheral  gonadotrophic  cells  had  already  occurred, 
while  the  central  cells  still  retained  their  glycoptrotein  granules.  This  ob¬ 
servation  is,  therefore,  consistent  with  the  view  that  discharge  of  the  follicle 
stimulating  hormone  precedes  discharge  of  the  luteinising  hormone  in  the 
production  of  the  first  estrus. 

Attention  has  been  drawn  to  the  large  size  and  active  appearance  of  the 
central  gonadotrophs  in  the  anterior  pituitary  of  the  pregnant  rat.  If  our 
identification  of  the  central  gonadotrophs  as  the  site  of  luteinising  hormone 
secretion  is  accepted,  this  appearance  would  indicate  a  continued  rapid 
secretion  of  luteinising  hormone  during  pregnancy  in  the  rat.  Everett 
(1947)  has  pointed  out  that  the  corpora  lutea  of  pregnancy  in  the  rat  differ 
from  those  maintained  by  injection  of  luteotrophin  alone,  in  that  the  lipoid 
content  of  the  corpora  lutea  of  pregnancy  is  considerably  higher  than  that 
of  the  corpora  lutea  under  the  influence  of  luteotrophin  only.  Luteinising 
hormone  administered  simultaneously  with  luteotrophin  increases  the 
lipoid  content  of  the  corpora  lutea.  It  is,  therefore,  probable  that  the  cor¬ 
pora  lutea  of  pregnancy  in  the  rat  are  under  the  simultaneous  influence  of 
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luteotrophin  and  luteinising  hormone.  This  deduction  from  ovarian  re¬ 
sponses  harmonises  with  the  deductions  made  from  cytological  study  of  the 
anterior  pituitary. 

SUMMARY 

In  addition  to  basophils  concerned  with  thyrotrophic  hormone  secretion, 
the  anterior  pituitary'  of  the  rat  contains  two  specific  types  of  basophil 
cell  concerned  with  gonadotrophic  hormone  secretion.  The  peripherally 
situated  gonadotrophs  are  distinguished  by  a  coarse  cytoplasmic  granula¬ 
tion  due  to  glycoprotein  with  a  high  sugar  content.  They  are  considered  to  be 
responsible  for  the  secretion  of  follicle  stimulating  hormone.  The  centrally 
situated  gonadotrophs  have  finer  granules  and  the  glycoprotein  reaction 
is  less  intense.  They  are  considered  to  be  responsible  for  the  secretion  of  the 
luteinising  hormone.  Testosterone  propionate  (250  micrograms  per  day)  has 
a  differential  effect  on  the  gonadotrophic  cell  types  of  the  adult  female  rat 
pituitary,  promoting  granule  storage  in  the  peripheral  (FSH-producing) 
cells,  and  depressing  the  granule  content  of  the  central  (LH -producing) 
cells. 
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INFLUENCE  OF  CORTISONE  ON  THE  MORTALITY  OF 
•  X-IRRADIATED  ADRENALECTOMIZED  MICE'-^ 

GEORGE  A.  SANTISTEBAN,®  J.  Z.  BOWERS  and 
T.  F.  DOUGHERTY 

Department  of  Anatomy  and  the  Radiobiology  Laboratory,  University  of  Utah 
College  of  Medicine,  Salt  Lake  City,  Utah 

The  involvement  of  alterations  in  adrenal  cortical  function,  as  a  part 
of  the  response  of  the  organism  to  x-irradiation,  has  been  suggested  in 
view  of  the  chemical  and  histological  changes  in  the  adrenal  cortex  (Engle- 
stad  and  Torgerson,  1939),  depletion  of  adrenal  cortical  cholesterol 
(Dougherty  and  White,  1946),  and  histochemical  and  adrenal  weight 
changes  (Patt  et  al.,  1947),  which  have  been  observed  following  exposure 
to  x-irradiation.  Lawrence  (1949),  reported  an  increased  urinary  excretion 
of  neutral  17-ketosteroids  following  x-irradiation  of  dogs.  However,  Duffy 
(1952),  was  unable  to  confirm  this  finding.  An  increased  level  of  17-hydrox- 
ycorticosteroids  was  found  in  the  adrenal  vein  of  x-irradiated  dogs  by 
Bowers  ct  al.  (1952).  The  involvement  of  the  adrenal  cortex  in  x-irradiation 
is  further  supported  by  the  amelioration  of  the  indirect  catabolic  effects  of 
x-irradiation  on  the  thymo-lymphatic  system  bj'  adrenalectomy  (Leblond 
and  Segal,  1942;  Dougherty  and  White,  1946).  Adrenalectomy  has  also 
been  found  to  shorten  the  life  span  and  to  increase  the  radiosensitivity  fol¬ 
lowing  x-irradiation  in  mice  (Cronkite  and  Chapman,  1950;  Kaplan  et  aL, 
1951)  and  rats  (Edelmann,  1951a),  whereas  adrenal  shielding  appreciably 
decreased  mortality  of  x-irradiated  rats  (Edelmann,  1951b).  These  find¬ 
ings  suggest  that  adrenal  cortical  secretions  exert  a  protective  influence 
following  x-irradiation. 

The  results  of  attempts  to  protect  intact  animals  against  the  effects  of 
x-irradiation  by  use  of  adrenal  cortical  steroid  hormones  are  conflicting. 
Success  has  been  reported  using  desoxycorticosterone  acetate  (Ellinger, 
1947,  1948;  Mirand  et  al.,  1952),  cortisone  (Mirand  et  al.,  1952)  and  whole 
extract  of  the  adrenal  cortex  (Edelmann,  1951a).  Failure  of  hormones  to 
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significantly  protect  x-irradiated  animals  has  been  reported  using  DOCA 
(Straube  et  al.,  1949;  Graham  et  ah,  1950)  and  cortisone  or  ACTH  (Smith 
et  al.,  1950).  Ellinger  et  al.  (1952),  reported  an  increase  in  the  mortality  of 
intact  mice  treated  dailj'  with  .25  mg.  cortisone  after  their  exposure  to 
high,  but  not  to  low  x-ray  doses,  and  suggested  that  the  effect  of  x-irradia- 
tion  on  the  adrenal  cortex  may  consist  of  a  stimulation  with  eventual  ex¬ 
haustion  of  secretion  and  a  disturbance  of  the  balance  of  the  various 
adrenal  cortical  hormones  in  the  secretions. 

The  hemorrhagic  syndrome,  vascular  fragility,  thrombopenia,  ulcera¬ 
tions,  and  other  blood  coagulating  defects,  leading  to  death  following  ex¬ 
posure  to  7-irradiation  (Cronkite,  1950),  in  many  ways  resemble  those  in 
anaphylactoid  death.  Dougherty  (1951),  using  adrenalectomized  mice, 
demonstrated  that  anaphylaxis  is  a  graded  response  depending  partly  on  a 
quantitative  relation  between  the  doses  of  antigen  and  of  the  protective 
agent.  Many  of  the  biological  effects  of  cortisone  seem  to  be  responses  of 
the  continuous  variate  type  (Dougherty,  1953a).  These  have  been  accu¬ 
rately  demonstrated  for  its  antiphlogistic  (Dougherty,  1953b)  and  thj^mo- 
regressive  properties  (Santisteban,  1953,  and  Santisteban  and  Dougherty, 
1953).  It  was  conceivable  that  the  protective  effect  of  cortisone  in  x-ir¬ 
radiated  animals  may  also  be  of  a  similar  nature;  if  so,  such  a  relationship 
could  be  established  only  in  the  absence  of  the  animals’  own  supply  of  hor¬ 
mone.  The  demonstration  of  such  relationships  between  the  degree  of  pro¬ 
tection  and  doses  of  hormone  would  make  possible  a  quantitative  analysis 
of  the  protective  effect  and  might  give  an  insight  into  the  mode  and  time 
of  action  of  the  adrenal  cortical  secretions  following  x-irradiation. 

This  report  presents  the  results  of  experiments  designed  to  establish  the 
existence  of  such  relationships,  as  judged  by  the  effects  of  graded  doses  of 
exogenous  hormone  on  the  mortality  of  x-irradiated  adrenalectomized 
mice. 


METHODS 

A  total  of  249  virgin  female  CBA  mice,  12  weeks  of  age,  were  used  in  this  stud}%  The 
animals  were  from  our  own  colon}*  and  were  maintained  on  “Purina  Dog  Chow”  and 
tap  water,  before  and  during  the  course  of  the  experiments.  Two  hundred  and  nineteen 
of  these  animals  were  exposed  to  650r  whole-body  irradiation  (LD  50/30  days,  600r). 
Irradiation  was  delivered  by  a  Westinghouse  Quadrocondex  x-ray  tube  using  the  follow¬ 
ing  radiation  factors:  250  KV,  15  Ma,  at  a  rate  of  160  r/min.  with  .05  mm.  Cu-f-l  mm. 
Al  filter.  Five  animals  were  exposed  simultaneously,  placed  together  in  a  perforated  Incite 
box  (42''X45''Xlj")  at  a  distance  of  3"  from  the  cone.  Calibration  was  done  on  a  wax 
phantom  placed  inside  the  box,  by  use  of  a  “Victoreen  r-meter.”  Control  and  experimen¬ 
tal  animals  were  picked  at  random  from  among  the  animals  thus  irradiated. 

Two  days  following  irradiation,  adrenalectomy  was  performed  in  a  one  stage  trans- 
lumbar  operation  under  ether  anesthesia.  Twelve  hours  after  the  operation,  the  adrenal¬ 
ectomized  animals  were  divided  into  five  groups.  Four  groups  were  treated  daily  with 
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Table  1.  Effect  of  graded  doses  of  cortisone  on  the  mortality  of 

X-IRRADIATED  ADREN ALECTOMIZED  FEMALE  MICE 


j 

050r  whole  body 

X-irradiation 

Adrenex. 

•Adrenalectomiied*  | 

Intact 

(41) 

(30) 

Duse  of  Cortisone  nig 

.  (day 

None  (32)  | 

.005  (34)  1 

.05  (38)  1 

.5(42) 

1  (32)  • 

Group  No. 

I  1 

H  1 

III  1 

IV 

V 

VT 

vn 

Per  cent  mortality 

100 

100  1 

100 

92.9 

96.9 

73.2 

1  87.0 

Slopes  of  mortality 

29.30 

22.12 

15.03 

13.80 

12.75 

8.67 

1  18.90 

curves 

±5.09t 

±2.59  j 

±1.97 

±  .87 

±1.28 

±  .60 

!  ±3.08 

Mean  survival  days 

2.6 

3.4 

4.3 

4.7 

5.1 

7.1 

1  5.3 

±  .1 

±  .1 

±  .1 

±.7 

±  .2 

±  .3 

±  .3 

Day  of  mean  death 

4.2 

5.2 

6.6 

6.6 

8.0 

6.9 

7.3 

frequency 

±  .1 

±  .2 

±  .3 

±.3 

±  .5 

±  .4 

±  .3 

♦  Two  days  after  x-irradiation. 
I  S.E.  of  mean. 

(  )  Number  of  animals. 


graded  doses  of  cortisone  acetate  (Cortone,  Merck).  The  doses  used  were  .005,  .05,  .5 
and  1  mg.  per  mouse  per  da}’.  The  suspended  hormone  was  made  up  in  constant  volumes 
of  0.2  cc.  pyrogen  free  saline.  This  total  volume  was  given  in  two  intraiieritoneal  injec¬ 
tions  each  day  until  death.  Therapy  was  discontinued  on  the  survivors  on  the  fortieth 
day  after  x-irradiation. 

The  experimental  groupings,  number  of  animals  in  each  group  and  a  summar}’  of  re¬ 
sults  are  presented  in  Table  1.  The  non  hormone-treated  control  groups  include  the  fol¬ 
lowing  three  categories:  x-irradiated  adrenalectomized  (I),  x-irradiated  intact  (VI),  and 
non-irradiated  adrenalectomized  (VII)  animals.  Differences  in  mortality  between  the 
various  groups  were  analyzed  by  making  standard  stati.stical  comparisons  of  the  differ¬ 
ences  in  final  mortality  and  in  the  positions  and  slopes  of  the  rectilinear  segments  of  the 
cumulative  mortality  curves  as  fitted  by  the  method  of  least  squares. 


RESULTS 

The  cumulative  mortality  curves  of  the  v^arious  groups  are  depicted  in 
Figure  1.  Marked  increases  in  mortality  were  observed  in  all  those  groups 
which  were  subjected  to  both  adrenalectomy  and  x-irradiation.  The 
greatest  death  rate,  however,  was  observed  in  that  group  (I)  which  did  not 
receive  cortisone.  Cortisone  replacement  exerted  certain  modifications  on 
the  mortality  of  the  irradiated-adrenalectomized  animals,  which  led  to  a 
progressive  rightward  displacement  of  their  curves  of  mortality  toward 
those  of  the  non-irradiated  adrenalectomized  and  intact-irradiated  control 
groups  (VII  and  VI).  Significant  differences  in  final  mortality  at  28  days 
(P<.05)  were  found  only  between  the  intact-irradiated  group  (VI)  and 
Groups  IV,  V,  VII,  but  not  between  the  latter  three.  The  modifications  of 
the  curves  of  mortality  of  the  irradiated-adrenalectomized  cortisone- 
treated  animals  were  studied  further  by  comparing  the  slopes  of  the  recti¬ 
linear  segments  of  the  mortality  curves.  The  rectilinear  portions  of  the 
curves  as  fitted  by  the  method  of  least  squares  are  shown  in  Figure  2.  The 
slope  values  are  given  in  Table  1. 

Statistical  comparisons  of  the  slopes  of  the  various  lines  showed  signif- 
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Fig.  1.  Curv'es  of  cumulative  mortality  of  intact  and  adrenalectomized  x-irradiated 
mice,  non-treated  and  treated  with  graded  doses  of  cortisone. 


icaiit  difference.s  between  that  of  the  line  for  Clroup  VI  and  those  of 
Groups  VII  and  I  to  V,  inclusive.  This  demonstrates  significant  differences 
between  the  cumulative  rates  of  mortality  of  the  irradiated  intact  group 
and  the  non-irradiated  adrenalectomized,  irradiated-adrenalectomized, 
non-treated,  and  hormone-treated  groups. 

The  slopes  of  the  mortality  curves  of  the  experimental  Groups  I  and  II 
(non  hormone-treated  and  treated  with  .005  mg.  hormone,  day)  were  equal 
to  that  of  the  adrenalectomized  non-treated  Group  VII;  but  differed  sig¬ 
nificantly  in  po.sition,  being  far  to  the  left  of  that  of  the  adrenalectomized 
control  group.  This  is  suggestive  of  a  similarity  in  the  mechanisms  leading 
to  death  in  the  three  groups,  however,  the  x-irradiated  animals  succumbed 
sooner. 

The  difference  between  the  slopes  of  any  two  adjacent  lines  in  the  series 
I  to  V,  inclusive,  were  not  significant.  However,  as  the  cortisone  dose  was 
increased,  there  was  a  progressive  decrease  in  the  slopes  of  the  mortality 
curves  which  resulted  in  a  highly  significant  difference  between  the  slopes 
of  lines  I  and  V ;  also,  there  was  a  progressive  increase  in  the  latent  periods 
between  the  time  of  irradiation  and  the  onset  of  death,  which  led  to  the 
rightward  displacement  of  the  mortality  curves. 
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The  relationship  between  the  decrease  in  the  slopes  of  the  cumulative 
mortality  curves  and  the  increase  in  dose  of  hormone  is  depicted  in  Figure 
3,  in  which  slope  values  are  plotted  against  the  log-dose  of  hormone.  The 
shaded  bars  represent  the  mean  and  standard  errors  of  the  mean  slopes 
of  the  mortality  curves  of  the  control  groups  (VI  and  \TI).  The  points  on 
the  curve  represent  the  slope  values  as  obtained  in  each  of  the  five  ir- 
radiated-adrenalectomized  groups  (I  to  V).  The  figure  illustrates  the  sig¬ 
nificant  differences  between  the  slope  of  the  mortalitj'  curve  of  the  irradi- 
ated-intact  control  group  and  those  of  the  adrenalectomized  control  and 
the  five  irradiated-adrenalectomized  groups.  It  also  shows  that  the  slopes 
of  the  mortality  curves  of  all  the  irradiated-adrenalectomized  groups,  de¬ 
spite  cortisone  treatment,  were  within  the  range  of  that  of  the  adrenal¬ 
ectomized  control  group.  However,  there  was  a  significant  relationship  be¬ 
tween  the  increase  in  dose  of  hormone  and  the  decrease  in  slopes  of  the  mor- 
talitj"  curves  of  the  irradiated-adrenalectomized  hormone-treated  animals. 
The  steepest  slope  was  observed  in  the  non  hormone-treated  experimental 
group ;  .005  mg.  cortisone  day  reduced  the  slope  of  mortality  to  equal  that 
of  the  adrenalectomized  control  group,  but  the  greatest  reduction  in  slope, 
per  unit  of  hormone  used,  was  obtained  with  .05  mg.  of  hormone  per  day. 


Fig.  2.  Fitted  rectilinear  segments  of  the  curves  of  cumulative  mortality  of  intact 
and  adrenalectomized  x-irradiated  mice,  non-treated  and  treated  with  graded  doses  of 
cortisone. 
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Fig.  3.  Log  dose-response  relationship  between  the  slopes  of  the  cumulative  mor¬ 
tality  curves  and  graded  doses  of  cortisone  of  groups  of  x-irradiated-adrenalectomized, 
hormone-treated  mice.  Shaded  bands  represent  mean  and  standard  errors'of  means  of 
control  groups. 

Dose.s  ten  and  twenty  times  greater  than  this  did  not  induce  further  sig¬ 
nificant  reductions  in  the  slopes  of  the  mortality  curves. 

The  progressive  changes  in  the  position  and  slopes  of  the  mortality 
curves  induced  by  the  graded  doses  of  cortisone  resulted  in  significant 
direct  relationships  between  the  dose  of  hormone  and  the  delay  in  death 
times'  (DT),  increase  in  mean  survival  days,  and  the  delay  in  the  day  of 
mean  death  frequency.  These  relationships  are  depicted  in  Figures  4,  5, 
and  6. 

Comparison  of  the  death  times  (DT)  of  30%,  50%,  70%  of  the  animals 
in  each  group  (Fig.  4),  as  determined  from  the  graphs  of  the  fitted  lines, 
shows  significant  direct  rectilinear  relationships  between  the  delay  in  death 
times  and  the  log-dose  of  hormone.  Similar  relationships  were  found  be¬ 
tween  the  log-dose  of  hormone  and  the  increase  in  mean  survival  days  and 
the  delay  in  the  days  of  mean  death  frequency  (Figs.  5  and  6).  In  each  of 
these  figures  the  differences  between  the  values  for  the  control  groups,  and 
also  the  slopes  of  the  log-dose  response  lines,  are  highly  significant.  Four 
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irradiated-adrenalectomized  animals  treated  with  the  highest  doses  of 
cortisone  survived  40  days,  l)iit  expired  within  7  days  after  withdrawal  of 
treatment. 

DISCUSSION 

The  results  presented  here  are  in  agreement  with  those  of  Cronkiteand 
Chapman  (1950)  that  adrenal  cortical  insufficient,  mice  and  rats  (Edel- 
mann,  1951a)  are  more  sensitive  to  the  effects  of  x-irradiation,  and  are  in 
accordance  with  the  man}-  reports  that  adrenalectomized  animals  are  less 
resistant  to  many  types  of  noxious  stimuli  (reviewed  by  Perla  and  Mar- 
morston,  1941;  Doughterj’,  1951). 

The  restoration  of  the  resistance  of  adrenalectomized  animals  to  the 
effects  of  thermal  injury  (Goldthorpe  and  Dougherty,  1951),  bacterial  in¬ 
fections,  toxins  and  allergy  (Dougherty),  has  been  demonstrated  by  the 
administration  of  cortisone  or  hydrocortisone.  Administration  of  adrenal 
cortical  hormones  to  intact  animals,  however,  does  not  necessarily  endow 
them  with  an  increased  resistance  to  stressful  stimuli  (Perla  and  Marinor- 
ston  1941;  Dougherty,  1951).  In  order  to  significantly  demonstrate  the  role 
of  adrenal  cortical  secretions  in  influencing  the  resistance  to  any  stressful 


I'm.  4.  Log  dose-response  relationships  between  the  death  times  (daj's  after  x-irradia- 
tion)  and  graded  doses  of  cortisone,  at  30,  50  and  70  per  cent  levels  of  mortality,  in 
groups  of  x-irradiated-adrenalectomized,  hormone-treated  mice.  Horizontal  lines  repre¬ 
sent  death  time  of  50  per  cent  of  the  control  groups. 
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Fig.  5.  Log  dose-response  relationships  between  the  mean  survival  daj  s  and  graded 
doses  of  cortisone  in  groups  of  x-irradiated-adrenalectomized,  hormone-treated  mice. 
Horizontal  lines  represent  mean  survival  days  of  control  groups 


stimuli,  it  must  be  shown  that  the  resistance  of  adrenalectomized-hormone- 
treated  animals  must  be  greater  or  less  than  that  of  the  adrenalectomized 
non-treat ed  controls. 

Treatment  of  intact  animals  with  foreign  proteins  (Hektoen,  1918), 
estradiol  (Treadwell,  et  al.,  1943),  adrenal  cortical  extract  (Graham  et  ah, 
1950),  ten  days  prior  to  x-irradiation  has  been  found  to  decrease  mortality. 
This  effect  has  been  attributed  to  the  possible  non-specific  stimulating 
effects  of  these  substances,  serving  to  increase  the  radioresistance  of  the 
animals  (Graham  et  al.,  1950).  Mirand  et  al.  (1952),  using  intact  mice, 
reported  a  protective  influence  by  cortisone  and  desoxycorticosterone 
when  either  of  these  compounds  was  given  before  or  after  exposure  to 
500r  head  x-irradiation.  However,  Graham  et  al.  (1950)  did  not  find 
any  significant  modifications  in  the  survival  rates  of  intact  animals  re¬ 
peatedly  injected  with  either  aqueous  or  lipid  adrenal  cortical  extract, 
17-dehydrocorticosterone  or  desoxycorticosterone  acetate  following  total- 
body  exposure  to  x-irradiation  doses  ranging  from  400r  to  OOOr.  It  is  gener¬ 
ally  recognized  that  the  organism  responds  to  a  wide  variety  of  stressful 
stimuli  by  an  increased  “utilization”  of  cortical  hormone,  which  is  accom¬ 
panied  by  rapid  and  dynamic  alterations  in  the  functional  activity  of  the 


802 


SANTISTEBAN,  BOWERS  AND  DOUGHERTY 


Volume  55 


adrenal  cortex  (reviewed  by  Sayers,  1950).  Thus,  it  is  difficult  to  evaluate 
the  influence  of  exogenous  adrenal  cortical  hormones  per  se  in  animals  sub¬ 
jected  to  x-irradiation  or  any  stressful  stimuli,  where,  in  the  experimental 
procedures  the  animals  are  also  under  the  influence  of  their  own  intact 
pituitary-adrenal  system. 

More  valid  ev’aluation  of  the  role  of  the  adrenal  cortical  hormones  in  x- 
irradiation  injury  may  be  made  using  adrenalectomked  animals.  Adrenal¬ 
ectomy  eliminates  the  animals’  own  hormone  supply,  thus  excluding  the 
effects  of  numerous  non-specific  variables  such  as  diet,  season,  alterations 
in  temperature,  hormone  suspending  agents,  etc.  (Santisteban  and  Dough¬ 
erty,  1954).  In  this  study,  the  need  for  the  adrenal  cortical  secretions  dur¬ 
ing  the  early  period  following  x-irradiation  was  shown  by  the  shortened  la¬ 
tent  period  between  x-irradiation  and  the  onset  of  death,  and  the  increased 
rate  of  mortality  which  occurred  in  those  animals  which  were  x-irradiated 
and  adrenalectomized.  In  intact  animals  the  need  for  these  secretions 
would  be  fulfilled  by  an  increased  adrenal  cortical  activity  following  expo¬ 
sure.  This  would  account  for  the  histochemical  and  histological  changes  in 
the  adrenal  gland  (Englestad  and  Torgerson,  1939;  Dougherty  and  White, 


Fig.  6.  Log  dose-response  relationship  between  mean  death  frequency  days  and 
graded  doses  of  cortisone  in  groups  of  x-irradiated-adrenalectomized,  hormone-treated 
mice.  Horizontal  lines  represent  mean  death  frequency  daj's  of  control  groups. 
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1946;  Patt  et  al.,  1947),  increased  urinary  excretion  of  neutral  17-ke- 
tosteroids  (Lawrence,  1949)  and  increased  level  of  17-hydroxycorti- 
costeroids  in  the  adrenal  vein  (Bowers  et  al.,  1952)  which  have  been 
observed  following  x-irradiation. 

The  ability  of  exogenous  hormone  to  partially  restore  the  resistance  of 
the  x-irradiated  adrenal  deficient  animals  was  shown  by  the  progressive 
decrease  in  the  cumulative  rates  of  mortality  and  the  increase  in  the  latent 
periods  between  x-irradiation  and  the  onset  of  death.  These  results  are  in 
accord  with  the  report  that  the  radioresistance  of  adrenalectomized  rats 
was  increased  by  use  of  adrenal  cortical  extracts  and  DCA  (Edelmann, 
1951a),  but  differ  from  those  of  Straube  et  al.  (1949),  who,  using  mice 
which  had  been  adrenalectomized  15  to  17  days  prior  to  x-irradiation, 
found  that  the  radioresistance  of  intact  and  adrenalectomized  animals  with 
or  without  exogenous  adrenal  cortical  steroids  were  similar.  However, 
studies  of  the  mortality  and  the  growth  of  lymphatic  tissue  (as  determined 
by  increase  in  lymphatic  organ  weight),  subsequent  to  adrenalectomy  in 
CBA  mice,  indicate  that  animals  which  survive  over  15  days  postopera- 
tively  maj-^  no  longer  be  adrenal  deficient  (Santisteban,  1951).  Animals 
which  survived  over  15  days  following  adernalectomy  often  remained 
alive  for  an  indefinite  period.  In  such  animals  the  amount  of  lymphatic 
ti.ssue  decreased  to  the  level  of  that  in  the  intact  controls,  and  the  well 
known  atrophy  of  lymphatic  tissue,  which  accompanies  stress  in  intact 
animals,  was  also  observed  (Santisteban,  1951).  The  adrenal  cortical  hor¬ 
mones  have  been  shown  to  be  capable  of  maintaining  adrenalectomized 
animals  and  there  has  been  found  an  excellent  correlation  between  adreno¬ 
cortical  hormone  level  and  lymphatic  organ  size  (Santisteban  and  Dough¬ 
erty,  1954) ;  therefore,  the  survival  of  adrenalectomized  animals,  in  which 
the  lymphatic  tissue  response  returns  to  normal,  has  been  attributed  to  the 
regeneration  of  accessory  or  residual  adrenal  cortical  tissue  (Santisteban, 
1951).  These  findings  are  in  agreement  with  the  plateauing  of  the  mortality 
curve  of  the  non-irradiated,  non-treated,  adrenalectomized  control  goup, 
as  observed  in  this  study  on  the  twelfth  day  after  operation  (Fig.  1, 
Group  VII). 

It  is  difficult  to  determine  the  immediate  causes  of  death  in  animals  sub¬ 
jected  simultaneously  to  adrenalectomy  and  x-irradiation.  The  subjective 
symptoms  of  death  in  the  experimental  animals  which  were  non-treated  or 
treated  with  the  lowest  dose  of  cortisone  were  more  nearly  like  those  ob¬ 
served  in  the  adrenalectomized  controls;  e.g.,  anorexia,  cachexia,  debilita¬ 
tion,  but  without  the  rectal  hemorrhages  characteristically  observed  in  the 
x-irradiated  controls.  The  experimental  animals  which  were  treated  with 
doses  of  cortisone  greater  than  .005  mg.  day  appeared  healthy  and  active 
until  about  twelve  hours  preceding  death  during  which  time  thej’  too  devel- 
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oped  sj’mptoms  of  adrenal  cortical  insufficiency  as  well  as  the  hemorrhagic 
condition. 

Further  insight  into  the  mechanisms  leading  to  death  may  be  gained  in¬ 
directly  by  comparing  the  slopes  and  positions  of  the  curves  of  mortality. 
Differences  in  slopes  are  due  to  differences  in  death  rates;  whereas,  those  in 
position  are  due  to  differences  in  death  times.  These  differences  may  in 
turn  be  interpreted  as  being  related  to  differences  in  tJie  mechanisms  caus¬ 
ing  death  and  in  the  resistance  of  the  animals.  Differences  in  the  resistance 
and  conditions  leading  to  death  are  thus  suggested  for  the  intact  x-irradi- 
ated  animals,  whose  mortality  curve  differed  significantly  in  slope  from 
those  of  the  other  control  and  experimental  groups.  It  is  also  suggested 
that  death  in  the  x-irradiated  adrenalectomized  animals  was  primarily 
associated  with  an  adrenal  cortical  insufficiency;  thus  the  similarities  in 
the  slopes  of  their  mortlity  curves  to  that  of  the  adrenalectomized  control 
group.  The  x-irradiated  animals,  however,  were  more  sensitive  to  the  lack 
or  insufficiency  of  the  adrenal  secretions,  as  evidenced  by  their  shortened 
latent  periods  before  the  onset  of  death  and  the  leftward  displacement  of 
their  mortality  curv^es.  Cortisone  replacement  therapy  partially  restored 
the  resistance  of  the  experimental  animals.  This  was  demonstrated  by  the 
reduced  slopes  and  rightward  shift  of  the  mortality  curves  of  the  hormone- 
treated  experimental  groups  toward  that  of  the  irradiated  intact  group. 
The  death  of  the  irradiated-adrenalectomized  hormone  treated  survivors 
upon  the  withdrawal  of  cortisone  treatment  lends  further  support  to  the 
above  inference. 

The  quantitative  relations  between  the  observed  effects  and  the  dose 
of  administered  hormone  was  demonstrated  by  (1)  the  significant  inverse 
relationships  between  the  log  dose  of  hormone  and  the  decrease  in  slopes 
of  the  mortality  curves  of  the  experimental  groups,  and  (2)  the  significant 
direct  rectilinear  relationships  between  the  log  dose  of  hormone  and  the  in¬ 
crease  in  mean  survival  time,  delay  in  the  day  of  mean  death  frequency 
and  delay  in  the  death  times  at  any  per  cent  level  of  mortality. 

The  importance  of  using  a  series  of  graded  doses  in  studying  the  effects 
of  pharmacological  agents  in  x-irradiation  was  pointed  out  by  Ellinger 
(1952)  and  is  clearly  demonstrated  in  this  report.  In  our  laboratory  the  pro¬ 
tective  effects  of  graded  doses  of  cortisone  have  been  evaluated  in  relation 
to  thermal  injuries,  bacterial  and  mycotic  infections  in  adrenalectomized 
CBA  mice  (Dougherty).  In  each  case,  optimal  protection  was  obtained 
within  the  dose  range  .01  to  .05  mg.  of  hormone  per  day.  Daily*doses  of  .05 
mg.  of  cortisone  were  also  found  to  maintain  the  circulating  lymphocyte 
count  (Kumagai  and  Dougherty,  1951)  and  the  thymus  weight  (Santiste- 
ban,  1953)  of  nonstressed  adrenalectomized  mice  at  the  level  of  the  intact 
controls.  From  this  evidence,  it  has  been  assumed  that  .05  mg.  cortisone. 
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given  in  two  daily  intraperitoneal  injections,  effectively  fulfill  the  nor¬ 
mal  daily  requirement  of  cortisone  in  the  intact,  non-stressed  mouse 
(Santisteban  and  Dougherty,  1954).  In  this  study  the  optimal  protective 
dose  per  unit  amount  of  hormone  used  was  also  .05  mg. /day.  Doses  ten 
and  twenty  times  greater  did  not  induce  any  further  increase  in  resistance, 
and  full  restoration  of  resistance  to  the  level  observed  in  the  intact  irradi¬ 
ated  group  was  not  obtained.  This  was  clearly  demonstrated  by  the  sig¬ 
nificant  differences  between  the  slopes  of  the  mortality  curves  of  the  experi¬ 
mental  animals  receiving  .5  or  1.0  mg.  of  hormone  day  and  the  intact  x- 
irradiated  animals.  The  inability  of  cortisone  to  fully  restore  the  resistance 
of  the  irradiated-adrenalectomized  animals  is  in  accord  with  the  report 
that  .2  mg.  cortisone  day  given  for  10  days  failed  to  increase  the  radiore¬ 
sistance  of  intact  mice  (Smith  et  aL,  1950).  A  low  level  of  cortisone  de¬ 
creases  resistance,  but  a  hormone  level  greater  than  optimal  does  not  make 
an  animal  super  resistant. 

It  has  thus  been  demonstrated  that  the  absence  of  the  adrenal  gland  en¬ 
hances  the  mortality  of  x-irradiated  mice  and  that  limited  beneficial  effects 
may  be  obtained  by  cortisone  replacement  therapy.  These  results  suggest 
that  the  adrenal  cortical  secretions  are  essential  in  maintaining  the  resist¬ 
ance  of  animals  subjected  to  a  lethal  x-ray  dose.  Failure  of  cortisone  to 
restore  full  resistance,  however,  implicates  the  involvement  of  other  factors 
(disturbance  of  hormonal  balance,  other  metabolic  disturbances,  sec¬ 
ondary  infections,  degree  of  tissue  injury,  etc.)  in  x-irradiation  injuiy. 

SUMMARY 

The  influence  of  cortisone  in  the  acute  x-irradiation  syndrome  was  stud¬ 
ied  by  making  statistical  comparisons  of  the  cumulative  mortality  curves 
of  groups  of  x-irradiated  (650r  whole-body)  adrenalectomized  CBA  mice, 
some  non-treated  and  others  treated  with  intraperitoneal  injections  of 
graded  doses  of  the  hormone. 

The  final  mortality  and  the  slope  of  the  cumulative  mortality  curve  of 
the  irradiated-adrenalectomized  non  hormone-treated  group  were  sig¬ 
nificantly  greater,  and  the  latent  period  between  x-irradiation  and  onset 
of  death  shorter  than  those  of  either  the  hormone-treated  experimental 
groups  or  the  intact  irradiated  and  adrenalectomized,  non-irradiated,  non- 
treated  controls.  Cortisone  replacement  therapy  progressively  restored  the 
resistance  of  the  irradiated-adrenalectomized  animals;  as  the  hormone 
dosage  was  increased  there  was  an  increase  in  the  latent  periods  between 
x-irradiation  and  the  onset  of  death,  and  a  progressive  decrease  in  the 
slopes  of  the  mortality  curves.  The  latter  were  decreased  to  the  level  of  the 
adrenalectomized  but  not  to  that  of  the  irradiated  intact  controls.  The 
greatest  reduction  in  slope  of  mortality  curve,  per  unit  amount  of  admin- 
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istered  hormone,  was  obtained  with  a  0.05  mg. /day.  Doses  ten  and  twenty 
times  greater  failed  to  induce  any  further  significant  reductions.  The  pro¬ 
tective  effect  of  cortisone  was  further  evidenced  by  significant  rectilinear 
relationships  between  the  log-dose  of  hormone  and  the  increase  in  mean 
survival  time,  delay  in  the  day  of  mean  frequency,  and  in  death  times  at 
any  per  cent  level  of  mortality. 

Analysis  of  the  slopes  of  the  fitted  mortality  curves  and  comparisons  of 
the  subjective  symptoms  of  death  suggest  that  the  increased  mortality 
in  the  adrenalectomized  x-irradiated  animals  was  associated  primarily 
with  an  adrenal  cortical  insufficiency  and  that  the  events  causing  death  in 
the  irradiated-intact  animals  differed  from  those  in  the  x-irradiated- 
adrenalectomized  groups,  despite  cortisone  treatment. 

It  thus  seems  that  the  adrenal  cortical  secretions  are  essential  for  main¬ 
taining  the  resistance  to  x-irradiation  injury,  and  in  the  event  of  a  con¬ 
comitant  total  adrenal  cortical  insufficiency,  cortisone  may  partially  restore 
resistance. 
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PRODUCTION  OF  POIAC'YTHEMIA  IN  HYPOPHYSECTO- 
:\IIZED  RATS  BY  THE  PITUITARY  ERYTHRO¬ 
POIETIC^  FACTORS 

A.  N.  CONTOPOULOS,  S.  ELLIS,  M.  E.  SIMPSON, 

J.  H.  LAWRENCE,  axd  1L  M.  EVANS 

Institute  of  Experimental  Biology  and  the  Donner  Laboratory,  University  of 
California,  Berkeley,  California 

Evidence  has  recently  l)eeii  presented  that  the  pituitary  contains  an 
erythropoietic  factor  which,  administered  to  hypophysectomized  rats, 
repairs  the  post-hypophysectomy  anemia  (Contopoulos,  A.  N.,  D.  C.  Van 
Dj'ke,  M.  E.  Simpson,  J.  F.  Oarcia,  R.  L.  Huff,  B.  S.  Williams  and  H.  M. 
Evans,  1953;  Contopoulos,  A.  N.,  D.  C.  Van  Dyke,  S.  Ellis,  M.  E.  Simp¬ 
son,  J.  IL  Lawrence,  and  H.  M.  Ev’ans,  1954;  Contopoulos,  A.  N.,  M.  E. 
Simpson,  D.  C.  Van  Dyke,  S.  Ellis,  J.  IL  Lawrence  and  IL  M.  Evans,  1954; 
Simpson,  M.  E.,  D.  C.  Van  Dyke  and  B.  S.  Williams,  1954;  Van  Dyke,  D. 
C.,  A.  N.  Contopoulos,  B.  S.  Williams,  M.  E.  Simpson,  J.  IL  Lawrence  and 
IL  M.  Evans,  1954),  This  pituitary  erythropoietic  factor  does  not  appear 
to  act  through  any  of  the  known  pituitary  target  organs.  None  of  the 
known  pituitary  hormones  or  the  hormones  of  its  target  organs  have  been 
shown  to  cause  polycythemia  when  injected  into  hypophysectomized  rats 
(Van  Dyke,  D.  C.,  A.  N.  Contopoulos,  B.  S.  Williams,  M.  E.  Simpson,  J. 
H.  Lawrence  and  IL  M.  Evans,  1954).  Furthermore,  none  of  the  known 
erythropoietic  stimidants  (anoxia  or  cobalt)  were  shown  to  produce  polycy¬ 
themia  in  the  hypophy.sectomized  rat.  As  it  has  been  shown  that  injection 
of  the  pituitary  erythropoietic  factor  in  normal  animals  induces  a  red  cell 
volume  in  excess  of  normal,  it  was  important  to  determine  whether  its  in¬ 
jection  into  hypophysectomized  rats  would  result  in  polycythemia.  It  is  the 
object  of  this  report  to  show  that  poh'cythemia  does  occur  in  hypophj'- 
sectomized  rats  after  injection  of  the  pituitary  erythropoietic  factor. 

MATKHI.\LS  AND  METHODS 

Female  rats  of  the  Long-FA  ans  strain  were  hypophysectomized  at  26-2S  days  of  age 
and  kept  for  forty-five  days  for  tlie  development  of  the  characteristic  post-ln-pophysec- 
tomy  anemia.  Afterwards,  they  were  injected  suhcutaneousl}-  daily  for  14  days  with  100 
pg.  of  the  pituitary  erthropoietic  factor  susj)ended  in  beeswax.  Hypophysectomized  con- 

Received  for  publication  June  1,  1954. 

*  Supported  in  part  by  grants  from  U.  S.  Public  Health  Service  (A-366),  and  by  the 
Atomic  Energy  Commission. 
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Table  1.  Production  of  polycythemia  in  hypophysectomized  rats 

BY  THE  PITUITARY  ERYTHROPOIETIC  FACTOR 


Group 

No.  of 
rats 

Body 

weight 

Hemo¬ 

globin 

Hemo¬ 
globin  ,100 
gm.  body 
weight 

Hemato¬ 

crit 

Total 

red 

cell 

volume 

Red  tell 
volume  TOO 
Kin.  body 
weiKht 

gill. 

Kin.  / 100  ml 

gm. 

% 

ml 

ml 

Hypophysertoniized  Controls 

7 

84±2 

10.3±0.3 

0.50±0.01 

27. 7  ±1.2 

1.1410.10 

1.3610.08 

Hypop^scctoniised  injected 
with  Erythropoietic  Factor 

f> 

87±2.5* 

12.3±0.3 

0.61±0.01 

57.313.6 

2.6210.17 

2.9010.12 

Normal  Controls 

7 

205  ±6 

12.9±0.3 

0.65±0.01 

45.511.3 

4.8010.15 

2.3410.05 

/  i'd2 

♦  Stiindard  Error  - 

'  n(n— I) 


trols  were  injected  with  the  beeswax  vehicle  or  with  saline,  and  since  no  difference  in 
their  hematological  values  was  found  the  results  are  combined  in  Table  1.  Normal  rats 
were  kept  as  controls.  The  jireparation  containing  the  pituitary  erythropoietic  factor 
was  obtained  from  sheep  pituitaries  (Simpson,  M.  E.,  D.  C.  Van  D}'ke  and  B.  S.  Wil¬ 
liams,  1954). 

At  the  end  of  the  experimental  period,  red  cell  volume  determinations  were  done  using 
the  P’e*®  labeled  red  cell  dilution  method.* 

The  completeness  of  hj’pophysectomy  was  determined  bj'  examination  at  autopsy  of 
the  pituitarj'  site  and  by  histological  examination  of  the  target  organs. 

All  rats  were  kept  on  a  standard  laboratory  diet  given  ad  libitum,®  and  were  kept  in 
a  constant  temjierature  room  throughout  the  experiment  (75  ±2°  F.). 

RESULTS 

Table  1  .shows  that  hypophysectomized  rats  injected  with  the  pituitary 
erythropoietic  factor  showed  a  marked  increase  in  red  cell  volume,  hemo¬ 
globin  and  hematocrit.  These  values  were  not  only  brought  back  to  normal 
but  exceeded  normal  value.  The  hematocrit  of  57.3%  and  the  red  cell 

*  The  labeled  red  cells  were  obtained  from  a  donor  of  the  same  strain  previousl}'  in¬ 
jected  with  Fe®®.  The  experimental  animals  were  injected  through  the  saphenous  vein 
with  0.1  ml.  of  donor  blood  which  contained  0.03  microcuries  Fe®®  in  the  erythrocytes. 
After  allowing  six  minutes  for  the  blood  to  mix,  the  abdomen  was  opened  and  a  sample 
of  blood  was  drawn  from  the  vena  cava  into  a  heparinized  syringe.  A  known  volume  of 
this  blood  was  pipetted  into  a  vial  and  its  activity  counted  directly  in  a  scintillation 
counter  (Anger,  H.  O.,  1951).  The  total  blood  volume  was  calculated  from  the  fraction  of 
the  injected  activity  found  in  the  sample  of  known  volume.  The  total  blood  volume  thus 
calculated,  multiplied  by  the  hematocrit  (determined  in  Wintrobe  tubes),  gave  the  total 
circulating  red  cell  volume.  The  values  for  the  total  circulating  red  cell  volume  were  then 
divided  by  the  values  for  the  bod}’  weights  of  the  animals,  and  the  results  are  presented 
in  terms  of  ml.  of  red  blood  cells  per  100  gm.  body  weight.  The  hemoglobin  concentration 
was  determined  by  the  method  of  Turner  (1946). 

®  The  standard  laboratory  diet  (diet  XIV),  given  diy,  was  supplemented  bj’  a  wet 
mash  of  diet  I  given  daily.  Lettuce  was  given  2  to  3  times  weeklj’.  Diet  XIV  consists  of 
68.5%  wheat,  5%  casein,  10%  fish  meal,  10%  alfalfa  leaf  meal,  5%  fish  oil,  1.5%  NaCl, 
KI  added  (analysis  1  pg.  iodine  per  g.  diet).  Diet  I  consists  of  67.5%  wheat,  15%  casein, 
7.5%  skim  milk  powder,  6.75%  hydrogenated  vegetable  oil,  1.0%  fish  oil,  0.75%  NaCl. 
1.5%  CaCos,  KI  added  (analysis  1  pg.  iodine  per  g.  diet). 
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volume  of  2.90  ml./ 100  gm.  of  body  weight  were  above  the  corre.spond- 
ing  value.s  in  the  normal  controls.  The  red  cell  volume  was  approximatelj' 
25%  higher  than  the  normal  value  and  115%  higher  than  the  value  in 
hypophysectomized  controls.  The  hematocrit  was  also  25%  above  the 
corresponding  normal  controls  and  100%  above  the  value  in  hypophysec¬ 
tomized  controls. 

The  peripheral  blood  of  injected  hypophysectomized  rats  also  showed 
the  stimulation  of  red  cell  production  by  the  increa.sed  reticulocyte  count, 
and  by  the  presence  of  circulating  immature  red  cells.  The  bone  marrow 
in  the  femur  was  vascular  and  cellular  in  contrast  to  the  pale  fatty  marrow 
of  controls.  The  detailed  histology  of  the  bone  marrow,  spleen,  liver  and 
blood  will  be  reported  elsewhere  (Rapatz,  E.  R.,  A.  N.  Contopoulos,  S. 
Ellis,  M.  E.  Simpson  and  H.  M.  Evans,  1954). 

DISCUSSION 

Of  all  the  known  pituitary  trophic  hormones  only  adrenocorticotrophi- 
callj'  active  preparations  were  able,  when  injected  in  large  doses  into  hy¬ 
pophysectomized  animals,  to  repair  the  post-hypophysectomy  anemia 
(Garcia,  J.  F.,  D.  C.  Van  Dyke,  R.  L.  Huff,  P.  J.  Elmlinger  and  T.  IVI. 
Oda,  1951).  Though  high  doses  were  employed,  no  polycythemia  was  pro¬ 
duced  in  the  hypophysectomized  animals  even  after  injections  for  34  to 
116  days  (Garcia,  J.  F.,  D.  C.  Van  Dyke,  R.  L.  Huff,  P.  J.  Elmlinger  and 
T.  ]\L  Oda,  1951).  Recently  (Contopoulos,  A.  N.,  D.  C.  Van  Dyke,  S. 
Ellis,  M.  E.  Simpson,  J.  H.  Lawrence  and  H.  M.  Evans,  1954),  evidence 
has  been  presented  supporting  the  concept  that  adrenocorticotrophic  hor¬ 
mone  acting  through  the  adrenals  is  not  the  principle  stimulating  erythro- 
poiesis,  but  that  a  contaminant  in  these  preparations  is  responsible  for 
the  increased  red  cell  production. 

The  combination  of  the  pituitary  target  organ  hormones  and  high  pro¬ 
tein  diet  partially  repaired  the  anemia  in  hypophysectomized  rats  but  in 
no  case  brought  the  hematological  values  above  normal  (Crafts,  R.  C., 
1949).“ 

The  injection  of  cobalt  sulfate  into  hypophysectomized  rats  brought  the 
blood  values  to  the  normal  level  after  53  days  (Garcia,  J.  F.,  D.  C.  Van 
Dyke,  and  N.  I.  Berlin,  1952).  There  was  a  58%  increase  in  red  cell  volume 
per  100  gm.  body  weight.  Crafts  (1949),  reported  that  daily  injections  of 
100  Mg.  of  cobalt  nitrate  did  not  prevent  the  development  of  post-hypophy- 

*  Hypophysectomized  rats  (2  months  post-operative)  injected  daily  for  14  days  with 
1.0  mg.  of  testosterone  propionate  and  5  fig.  of  thyroxine,  and  kept  on  64%  protein  diet, 
showed  only  a  42%  increase  in  red  cell  volume  and  hematocrit.  This  increase  did  not 
restore  the  hematological  values  to  the  normal  level  (Contopoulos,  Simpson,  Lawrence, 
Evans,  Unpublished  Data). 
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sectomy  anemia,  as  judged  by  erythrocyte  counts,  hemoglobin  and  hemat¬ 
ocrit.  At  higher  doses  the  development  of  anemia  could  be  prevented,  and 
the  animals  even  showed  an  increased  red  cell  count,  hemoglobin  and 
hematocrit.  However,  these  doses  were  sufficiently  toxic  to  the  hypophy- 
sectomized  animals  to  cause  a  loss  in  body  weight;  therefore  any  hemato¬ 
logical  determinations  based  on  peripheral  concentration  methods  may  be 
subject  to  error  because  of  hemoconcentration.  In  Crafts’  own  judgment, 
“the  higher  erjdhrocyte  count  in  the  hypophysectomized  rats  than  in  the 
normals  with  cobalt  therapy  is,  therefore  probably  an  indication  of  the 
hemoconcentration  in  the  hypophysectomized  animal.”® 

The  other  stimulus  known  to  affect  erythropoiesis  in  the  rat  is  hypoxia. 
When  hypophy.sectomized  rats  were  put  in  the  chamber  at  22,000  feet, 
daily  for  14  days,  6  hours  a  day,  they  showed  a  40%  increase  in  circulating 
red  cell  volume  over  that  of  the  hypophysectomized  controls  maintained 
at  s  level  (Van  Dyke,  D.  C.,  A.  N.  Contopoulos,  B.  S.  Williams,  AI.  E. 
S'  pson,  J.  H.  Lawrence  and  H.  M.  Evans,  1954).  When  they  were  ex¬ 
posed  to  the  same  altitude  for  22  days,  a  57%  increase  occurred  so  that  the 
cell  volume  was  brought  back  to  normal  level. 

Of  all  the  factors  reported  to  be  stimulants  of  erythropoiesis  in  the  hy¬ 
pophysectomized  rat,  none  has  been  found  to  induce  polycythemia.  The  pres¬ 
ent  demonstration  that  the  pituitary  erythropoietic  factor  injected  in  small 
doses  for  short  periods  of  time  produces  polycythemia  lends  further  sup¬ 
port  to  the  concept  of  the  importance  of  this  substance  in  erythropoiesis. 
Its  presence  is  necessary  as  a  stimulant  in  red  cell  production  and  its  ab¬ 
sence  interferes  with  the  normal  output  of  red  cells  by  the  bone  marrow. 
Its  role  in  the  development  of  the  physiological  neonatal  anemia  has  been 
reported  elsewhere  (Contopoulos,  A.  N.,  D.  C.  Van  Dyke,  S.  Ellis,  M.  E. 
Simpson,  J.  H.  Lawrence  and  H.  AI.  Evans,  1954;  Contopoulos,  A.  N.,  and 
J.  H.  Lawrence,  1954). 


SUMMARY 

Injection  of  the  pituitary  erythropoietic  factor  in  hypophysectomized 
rats  resulted  in  the  development  of  polycythemia.  The  rats  were  females  of 
the  Long-Evans  strain,  hypophysectomized  when  26-28  days  of  age  and 
maintained  for  at  least  a  45  day  postoperative  period  in  order  to  allow  for 
development  of  the  characteristic  post-hypophysectomy  anemia.  Injection 
of  a  daily  dose  of  0.100  mg.  of  the  erythropoietic  factor  for  14  days  not 


®  Cobalt  injected  for  14  days  at  the  doses  reported  in  the  literature  as  stimulating 
erythropoiesis  (Crafts,  1952;  Garcia,  Van  Dyke  and  Bezlin,  1951)  produced  only  a  10% 
increase  in  red  cell  volume,  hematocrit  and  hemoglobin  (Contopoulos,  Simpson, 
Lawrence,  Evans,  Unpublished  Data). 
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only  repaired  the  anemia,  but  resulted  in  hematological  values  (hemo¬ 
globin,  hematocrit  and  total  red  cell  volume)  exceeding  those  of  the  nor¬ 
mal  controls.  Since  none  of  the  known  pituitarj'  trophic  hormones,  even 
when  given  at  high  levels  over  a  long  period,  has  been  able  to  achieve  this 
result,  the  production  of  polycythemia  in  hypophysectomized  rats  has 
been  interpreted  as  giving  additional  support  to  the  concept  that  the 
pituitary  erythropoietic  factor  is  a  substance  distinct  from  all  other  hypo¬ 
physeal  hormones. 
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A  COMPARATIVE  STUDY  OF  ALDOSTERONE  AND 
OTHER  ADRENAL  STEROIDS  IN  ADRENAL- 
ECTOMIZED  DOGSi 


W.  W.  SWINGLE,  R.  MAXWELL,  M.  BEN,  C.  BAKER,  S.  J. 
LeBRIE  and  M.  EISLER 

Section  of  Physiology,  Princeton  University,  Princeton,  Xeiv  Jersey 

The  effectiveness  of  therapeutic  doses  of  cortisone  is  considerably  in¬ 
creased  for  certain  types  of  disability  by  administering  the  free  alcohol 
of  the  steroid  in  a  weak  aqueous-alcohol  solution  (10%),  instead  of  using  the 
more  slowly  absorbed  microcrystalline  suspension  (Swingle,  Fedor  et  al., 
1953).  The  unequivocal  superiority  of  this  solubilized  cortisone  over  the 
suspension  in  preventing  the  otherwise  fatal  anaphylactoid  response  of  24- 
hour  adrenalectomized  rats  to  infusions  of  the  polysaccharide  dextran,  led 
us  to  undertake  a  comparative  study  of  the  efficacy  of  similarly  solubilized 
aldosterone,-  DOC,  cortisone  and  hydrocortisone,  when  tested  on  adrenal¬ 
ectomized  dogs. 

Previous  studies  (Swingle,  Barlow  et  al.,  1953)  had  shown  that  dogs  de¬ 
prived  of  their  adrenals  require  large  doses  of  commercial  cortisone  sus¬ 
pension  (Merck’s  Cortone)  for  maintenance.  Thus,  it  was  demonstrated 
that  daily  intramuscular  injections  of  0.93  mg.  Kg.  day  are  inadequate  to 
retain  a  normal  serum  electrolyte  pattern,  although  twice  this  amount,  or 
1.86  mg. /  Kg.  day  is  sufficient  to  do  so.  A  daily  dose  of  3.72  mg./ Kg.  was 
ample  to  restore  to  normal  any  distortions  of  the  electrolyte  levels.  In  our 
experience,  therefore,  1.86  mg.  Kg.  of  the  suspension  given  once  daily 
proved  to  be  an  adequate  maintenance  dose  for  the  dogs.  To  anticipate  one 
result  obtained  in  the  present  experiments,  it  can  be  stated  that  such  a 
daily  dose  of  microcrystalline  cortisone  is  approximately  6  times  more  than 
is  required  for  maintenance  when  the  solubilized  material  is  used. 

The  adrenal  steroids  employed  in  these  experiments  are  well  known  and, 
with  the  exception  of  aldosterone,  need  no  further  comment.  This  potent 
mineralocorticoid  has  only  recently  been  isolated  from  cortical  extracts  in 

Received  for  publication  .June  2,  1954. 
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and  DCA  and  Schering  Corporation  the  hydrocortisone. 
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pure  crystalline  form  (Simpson  et  al.,  1953;  Simpson  and  Tait,  1953;  Mat¬ 
tox  ei  al.,  1953)  but  at  present  is  not  readily  available  for  phj'siological  or 
chemical  study  owing  to  scarcity  of  material.  We  greatly  appreciate  Pro¬ 
fessor  Reichstein’s  generosity  in  sending  us  sufficient  crystals  for  testing 
4  adrenalectomized  dogs. 

Chemical  degradation  of  the  crystalline  product  by  Simpson  et  al.  (1954) 
showed  the  compound  to  be  ll/3,21-dihydroxy-3,20-diketo-4-pregnene-18- 
al,  and  that  it  reacts  mainh'  as  the  11-hemiacetal  when  in  solution. 

METHODS 

A  total  of  16  dogs  was  used;  4  animals  were  assigned  for  testing  each  of  the  various 
steroids.  They  had  been  without  adrenals  for  periods  ranging  from  1-4  years  previous 
to  use  in  these  experiments.  During  this  interval  they  were  utilized  numerous  times  for 
tests  involving  cycles  of  insufficiency  and  recovery.  In  the  interim  between  experiments 
the  dogs  were  maintained  in  normal  health  and  vigor  by  a  single,  daily,  intramuscular 
injection  of  0.5  mg.  DCA  in  oil. 

Since  the  dietary  regimen  is  an  important  element  in  investigations  concerned  with 
the  comparative  potency  of  corticoids,  the  total  quantities  of  Na  and  K  fed  in  the  daily 
ration  were  determined  at  intervals  and  maintained  at  1 .47  gm.  of  Na  and  0.94  gm.  of 
K.  The  ingredients  of  the  diet  and  amounts  fed  each  day  were  essentially  the  same  as 
those  reported  in  an  earlier  communication  (Swingle  et  al.,  1952),  except  that  fresh 
ground  beef  was  substituted  for  the  horse  meat  given  in  the  original  diet. 

The  test  dogs,  with  the  exception  of  2  aldosterone-treated  animals,  were  kept  at  each 
dose  level  for  a  minimum  of  10  days,  after  which  the  arterial  pressure  was  determined, 
blood  samples  taken  for  analysis  and  the  daily  dosage  reduced  by  50%.  This  procedure 
was  followed  until  eventually  the  quantity  of  steroid  was  reduced  to  a  level  inadequate 
for  maintenance  and  insufficiency  symptoms  appeared. 

The  aldosterone  and  DOC  crystals  were  each  dissolved  in  warm  95%  ethanol  which 
was  then  diluted  dropwise  with  distilled  water  to  3'ield  30%  solutions  in  which  the  con¬ 
centration  of  aldosterone  was  25  ng./cc.  and  the  DOC  was  1.5  mg./cc.  These  30%  alco¬ 
hol  solutions  were  kept  as  stock  and  the  daily  dosage  was  then  removed,  diluted  to  10% 
and  given  subcutaneously  in  divided  doses,  one  half  at  9:30  a.m.  and  the  remainder  at 
4:30  p.M. 

Ten  per  cent  alcoholic  solutions  of  cortisone  and  hj'drocortisone  containing  2.5  mg./cc. 
were  prepared  dail}'  bj'  the  method  outlined  above  and  kept  warm  to  prevent  precipita¬ 
tion.  These  steroids  were  administered  in  similar  manner  to  aldosterone  and  DOC. 

Adequate  reference  to  the  methods  emploj'ed  for  determination  of  the  arterial  pres¬ 
sure  and  various  blood  constituents,  have  been  made  in  earlier  publications  and  will  not 
be  repeated  here  (Swingle  et  al.,  1952a).  Serum  Na  and  K  were  measured  bj'  means  of 
the  Perkin-Elmer  flame  photometer  (Model  52C).  The  dogs  were  all  table  trained  for 
blood  pressure  studies. 


RESULTS 

Aldosterone.  Four  dogs  were  used  for  testing  this  steroid;  2  were  given 
an  initial  dose  of  25  Mg-/dog/day  for  10  days  (nos.  1  and  3);  the  remaining 
2  (nos.  2  and  4)  started  at  10  jug./day.  Study  of  one  animal  (no.  4),  was 
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terminated  at  the  end  of  7  days  due  to  lack  of  material.  The  essential  data 
are  recorded  in  Table  1. 

The  minimum  maintenance  dose  which  sufficed  to  keep  the  serum  elec¬ 
trolytes,  blood  urea  nitrogen  and  arterial  pressure  normal,  varied  between 
12.5  and  6.2  jug./dog/day.  One  animal  (no.  3)  remained  free  from  any  alter¬ 
ation  in  blood  consitutents  and  blood  pressure  at  a  dose  level  of  6.2  ng.; 
another  (no.  2),  was  adequately  maintained  at  this  same  dosage  except  for 
a  slight  fall  in  blood  pressure  to  90  mm.  Hg;  a  third  (no.  1)  required  12.5 
iug./day,  and  a  fourth  (no.  4),  remained  normal  throughout  7  days  at  10 
jug./day. 

The  onset  of  adrenal  insufficiency  is  a  process  of  gradual  deterioration 
in  these  dogs  and  the  early  manifestations  varied  only  slightly  from  animal 


Table  1.  Efficacy  of  aqueous-alcohol  solutions  of  aldosterone  and 

DOC  FOR  MAINTAINING  ADRENALECTOMIZED  DOGS 


Dog 

No. 

Doee, 

,ig./day 

Injec¬ 

tion 

period, 

days 

Body 

weight, 

kg. 

Blood 
pres¬ 
sure, 
mm.  Hg. 

Blood 

urea 

N., 

mg.  % 

Hb, 
gm.  % 

Hmct., 

% 

BBC 
X10»/ 
cu.  mm. 

Blood 
glucose, 
mg.  % 

Serum 

Na, 

m.eq./l 

Serum 

Cl. 

m.eq./l 

Serum 

K, 

m.eq./l 

Aldosterone 

1 

init  ial 

13.84 

115 

21.7 

12.05 

29.5 

5.72 

83.0 

142.5 

115.5 

5.03 

25.0 

10 

13.61 

104 

29.0 

11.00 

31.3 

6.08 

81.0 

144.5 

113.5 

5.28 

12.5 

10 

13.49 

94 

28.2 

12.40 

36.0 

7.24 

81.5 

141.5 

108.3 

5.79 

6.2 

10 

13.61 

85 

25.6 

12.28 

31.8 

6.06 

82.5 

139.0 

104.6 

6.50 

3.1 

10 

14.06 

72 

25.3 

11.59 

30.3 

5.85 

82.0 

— 

105.2 

6.42 

1.5 

3 

14.06 

59 

44.0 

12.51 

26.9 

6.02 

91.0* 

138.0 

109.7 

8.70 

2 

initial 

15.56 

120 

20.9 

11.71 

29.3 

6.19 

88.0 

141.5 

114.9 

4.22 

10.0 

7 

15.56 

94 

20.8 

12.91 

31.8 

6.52 

80.0 

143.0 

107.3 

5.12 

6.2 

10 

15.31 

90 

32.3 

13.61 

34.6 

6.21 

84.5 

140.5 

111.3 

5.62 

3.1 

10 

15.31 

91 

35.1 

14.20 

36.9 

6.63 

83.0 

135.5 

107.3 

6.50 

1.5 

8 

14.85 

58 

105.0 

15.43 

36.9 

7.03 

83.0 

136.5 

-107.2 

9.16 

3 

initial 

20.23 

100 

21.9 

10.90 

29.9 

5.97 

90.5 

147.0 

114.1 

4.97 

25.0 

10 

20.00 

101 

31.5 

10.81 

31.9 

6.10 

83.5 

145.5 

112.5 

5.36 

12.5 

10 

19.54 

104 

30.6 

12.28 

36.7 

6.63 

82.0 

142.0 

108.7 

5.37 

6.2 

10 

19.31 

103 

25.8 

11.94 

31.1 

6.85 

81.0 

141.0 

105.2 

5.36 

3.1 

10 

18.86 

82 

35.3 

12.91 

36.9 

7.57 

86.5 

138.0 

108.0 

8.45 

1.5 

2 

18.72 

64 

43.5 

14.90 

33.8 

6.72 

76.5 

140.0 

108.7 

8.61 

4 

initial 

16.33 

119 

22.4 

11.29 

33.0 

5.04 

79.5 

144.5 

116.2 

4.64 

10.0 

7 

15.99 

119 

26.9 

11.82 

30.8 

5.71 

78.5 

144.0 

110.0 

4.95 

Desoxycorticosterone 

5 

initial 

16.68 

117 

22.3 

10.62 

32.8 

5.78 

83.0 

146.0 

114.7 

4.71 

1000 

10 

16.56 

107 

27.1 

13.33 

35.6 

5.61 

81.5 

149.0 

115.5 

4.81 

500 

10 

16.33 

98 

24.6 

13.89 

37.3 

5.74 

81.5 

143.5 

109.4 

4.87 

250 

10 

16.33 

92 

25.3 

15.43 

37.0 

6.29 

81.5 

140.5 

107.0 

5.77 

125 

10 

16.11 

85 

24.5 

13.19 

33.5 

6.64 

84.0 

134.5 

102.0 

5.86 

62 

10 

16.11 

68 

53.8 

13.33 

33.3 

7.07 

82.5 

133.0 

107.3 

7.63 

6 

initial 

16.11 

120 

15.2 

11.29 

31.0 

5.84 

84.0 

145.5 

115.0 

4.79 

500 

10 

16.22 

120 

18.1 

11.38 

29.4 

5.54 

76.0 

144.0 

116.0 

5.09 

250 

10 

15.99 

119 

20.9 

11.48 

29.3 

5.36 

80.0 

140.0 

114.1 

5.62 

125 

5 

15.88 

60 

22.0 

11.71 

30.0 

5.86 

73.0 

138.0 

108.9 

5.13 

7 

initial 

15.42 

118 

26.7 

11.10 

29.2 

6.71 

75.0 

145.0 

115.5 

4.54 

250 

10 

15.31 

112 

28.2 

11.19 

28.7 

6.33 

76.5 

139.5 

109.4 

4.87 

125 

10 

15.08 

108 

30.5 

12.63 

33.4 

7.10 

77.5 

136.5 

109.0 

6.05 

62 

10 

14.74 

72 

25.8 

12.77 

32.2 

6.45 

86.0 

130.5 

108.0 

6.72 

31 

10 

14.51 

66 

42.0 

12.91 

31.4 

5.69 

91.0 

133.5 

108.5 

8.10 

8 

initial 

19.63 

114 

21.3 

10.90 

26.5 

5.83 

82.0 

143.3 

112.9 

4.24 

250 

10 

19.88 

103 

28.8 

11.71 

29.0 

6.15 

85.5 

140.5 

108.7 

4.93 

125 

10 

19.31 

112 

25.5 

10.71 

30.9 

6.19 

83.0 

139.5 

108.0 

5.52 

62 

10 

19.09 

96 

30.5 

13.75 

35.9 

6.28 

85.5 

134.0 

109.0 

5.79 

31 

10 

18.86 

79 

53.2 

13.19 

33.1 

5.75 

87.0 

136.5 

108.0 

7.86 

Doses  italicized  are  minimum  maintenance  levels. 
*  Not  a  fasting  blood  sugar. 
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to  animal.  In  two  (nos.  1  and  2),  the  first  hint  of  subminimum  dosage  was  a 
decline  in  arterial  pressure.  This  occurred  at  a  time  when  the  serum  Na 
and  K  remained  well  within  normal  limits.  On  the  other  hand,  one  dog  (no. 
3),  exhibited  a  marked  rise  in  serum  K  concomitant  with  the  fall  in  blood 
presure.  The  blood  urea  nitrogen  was  maintained  normal  or  at  moderately 
elevated  levels  until  a  few  days  before  crisis  at  which  time  it  rose  sharply. 

Data  obtained  from  study  of  the  serum  K  changes*revealed  that  aldos¬ 
terone  is  considerably  less  efficient  in  preventing  accumulation  of  excess 
serum  K  in  the  blood  than  it  is  in  retaining  Na.  Examination  of  the  table 
shows  that  of  the  animals  listed,  3  exhibited  serum  K  levels  exceeding  8.6 
m.eq.  1.  at  a  time  when  the  serum  Na  was  either  normal  (Dogs  1  and  3) 
or  but  slightly  reduced  below  the  normal  range  for  this  cation  (Dog  2). 

Thus  it  seems  that  aldosterone  when  gradually  reduced  to  subminimum 
dose  levels  (3. 1-1. 5  jug.  dog  day)  manifests  only  a  weak  regulatory  action 
upon  those  mechanisms  concerned  with  maintaining  a  normal  serum  K. 
This  ion  accumulates  in  the  blood  of  the  aldosterone-treated  dog  when  the 
dosage  of  this  steroid  is  sufficient  to  maintain  normal  serum  Na  levels.  Two 
animals  (nos.  2  and  3),  developed  severe  cardiac  symptoms  and  prostration 
due  to  hyperpotassemia,  although  at  the  time,  the  Na  wa^  normal  in  one 
case  (140  m.eq./l.)  and  but  slightlv  reduced  in  another  case  (136.5  m.eq./ 
1.). 

It  seems  evident  from  these  data,  that  adrenal  insufficiency  and  circula¬ 
tor}'  failure  can  occur  in  aldosterone-treated  dogs  acompanied  by  severe 
symptoms  of  hyperpotassemia  (nos.  1,  2  and  3  Table  1),  but  whithout  sig¬ 
nificant  decline  in  serum  Na  levels.  The  fall  in  Na  may  be  insignificant  at 
a  time  when  other  blood  constituents  hav'e  undergone  drastic  changes, 
hence  serum  levels  of  this  cation  should  not  be  relied  upon  to  serve  as  the 
sole  criterion  of  what  constitutes  a  maintenance  dose  of  this  mineralocorti- 
coid.  Other  factors  such  as  arterial  pressure,  blood  urea  nitrogen  and  clin¬ 
ical  condition  of  the  animal  must  also  be  taken  into  consideration. 

Desoxy corticosterone.  The  starting  dose  of  DOC  in  10%  alcohol  ranged 
from  1000-250  jug. /dog/day  and  was  lowered  by  50%  every  10  days.  The 
minimum  daily  requirement  for  this  steroid  was  not  the  same  for  the  four 
animals;  the  maintenance  dose  for  2  (Dogs  5  and  6)  was  250  jug.  day, 
whereas  the  other  2  (dogs  7  and  8)  maintained  equally  well  at  125  jug.  /  dog  ' 
day.  In  earlier  tests  (Swingle,  Perlmutt  et  at.,  1052b),  assays  of  DCA  in  oily 
solution  were  made  and  the  amount  found  necessary  for  maintenance  varied 
between  300-500  jug. 'day  when  given  as  a  single  daily  intramuscular  in¬ 
jection.  However,  2  animals  of  a  group  of  7  were  kept  free  from  symptoms 
and  showed  no  deviations  from  normal  in  blood  pressure  or  blood  constitu¬ 
ents  at  a  dose  level  of  125  jug.  day.  Hence  it  is  possible  to  occasionally 
maintain  dogs  at  these  surprisingly  low  doses  of  DCA  in  oil,  but  the  reduc- 
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tion  in  the  amount  of  steroid  given  per  day  must  be  very  gradual  and  ex¬ 
tend  over  consideral)le  time. 

Animals  (Dogs  5,  7,  8)  subjected  to  periodic  reductions  in  dosage  of  the 
10%  alcohol  solutions  of  DOC  only  gradually  lose  their  vigor  and  appetite 
even  though  the  arterial  pressure  may  be  70-60  mm.  Hg.,  and  the  serum 
electrolyte  pattern  is  distinctly  abnormal.  They  eventually  develop  severe 
insufficiency  requiring  drastic  remedial  measures  but  manage  to  .survive  a 
long  time  at  definitely  subminimum  dosage.  It  seems  probable  that  the 
efficiency  of  the  solubilized  steroid  is  due  in  part  to  (1)  rapid  and  complete 
absorption;  (2)  increased  effectiveness  when  given  in  divided  doses  morn¬ 
ing  and  evening;  and  perhaps  (3)  adjustment  of  the  dog  to  gradual  reduc¬ 
tion  in  dosage  over  an  interval  of  several  weeks. 

Dog  6,  Table  1,  is  an  example  of  vasomotor  failure,  with  resulting  cir¬ 
culatory  collapse,  in  an  animal  maintaining  normal  serum  electrolytes, 
blood  urea  nitrogen  and  hemoconcentration.  Loeb  (1938),  has  reported 
similar  findings  in  Addisonian  patients.  The  writers  (Swingle  et  al.,  1954) 
testing  the  effects  of  a  potent  Na-retaining  substance  derived  from  the 
amorphous  fraction  and  given  to  us  for  testing  by  Dr.  E.  C.  Kendall, 
occasionally  have  observed  failure  of  the  circulation  in  dogs  presenting 
normal  serum  electrolyte  patterns. 

Cortisone  and  Hydrocortisone.  These  two  steroids  are  discussed  together 
since  the  results  of  the  tests  revealed  only  insignificant  differences  in  the 
reaction  of  the  dogs  to  them  (Table  2).  The  daily  maintenance  dose  of  both 
was  approximately  5  mg. 'dog  day.  One  animal  (no.  11)  recjeiving  this 
amount  of  hydrocortisone  daily,  displayed  low  Na  and  Cl  at  the  termina¬ 
tion  of  the  initial  10  day  interval,  hence  5  mg.  was  a  subminimum  dose  for 
this  particular  dog. 

Relatively  large  amounts  of  the  microcrystalline  suspension  of  corti¬ 
sone  are  necessary  to  keep  the  serum  electrolytes  normal;  a  daily  dose  of 
1.86  mg.  Kg.  day  was  found  to  be  necessary  (Swingle,  Barlow  et  al.,  1953). 
Howev'er  when  the  10%  alcohol  solutions  of  cortisone  and  hydrocortisone 
were  tested,  only  a  fraction  of  this  amount  sustained  the  animal  in  normal 
health  and  vigor.  For  instance,  the  average  weight  of  the  4  dogs  listed 
under  cortisone  in  Table  2  was  16.6  Kg.;  if  the  dosage  is  calculated  on  a 
weight  basis,  then  only  0.3  mg./Kg.  'day  of  the  aqueous-alcohol  solution  are 
required  for  maintenance.  Thus,  approximately  6  times  more  of  the  corti¬ 
sone  acetate  suspension  is  needed  for  maintenance  than  is  nece.ssary  when 
the  solubilized  material  is  u.sed. 

The  dogs  receiving  less  than  5  mg.  of  cortisone  or  hydrocortisone  a  day 
all  exhibited  marked  decline  in  serum  Na  and  Cl  and  increa.ses  in  K.  These 
serum  electrolyte  alterations  are  striking  (notably  the  Na  and  Cl)  when 
compared  with  the  relatively  minor  modifications  occurring  in  the  aldos- 
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Table  2.  Maintenance  of  adrenalectomized  dogs  with 

AQUEOUS-ALCOHOL  SOLUTIONS  OF  Cii-OXYSTEHOIDS 


Dog 

No. 

Injec- 
Doee,  tion 
/ig.  /day  period, 
days 

Body 

weight. 

Blood 
pres¬ 
sure, 
mm.  Hg. 

Blood 

urea 

N.. 

mg.  % 

Hb. 
gm.  % 

Hmct., 

% 

BBC 
XIO*/ 
cu.  mm. 

Blood 
glucose, 
mg.  % 

Serum 

Na, 

m.eq./l 

Serum 

Cl. 

m.eq./l 

Serum 

K, 

m.eq./l 

Hydrocortisone 

9 

initial 

16.33 

115 

21.8 

10.52 

30.7 

5.07 

89.5 

144.0 

120.0 

4.64 

6000 

10 

15.65 

110 

25.9 

13.61 

31.9 

5.20 

79.8 

143.3 

116.0 

4.83 

2500 

10 

15.42 

100 

37.0 

18.04 

40.8 

6.49 

80.0 

137.0 

109.0 

6.23 

1250 

6 

15.31 

72 

49.4 

16.46 

39.3 

6.01 

81.5 

130.7 

107.4 

8.61 

10 

initial 

10 

14.97 

98 

16.4 

10.20 

28.6 

5.25 

75.5 

147.5 

113.5 

3.47 

6000 

10 

14.29 

87 

20.8 

10.90 

31.7 

5.61 

79.0 

137.0 

108.0 

5.26 

2500 

10 

14.06 

85 

24.7 

14.90 

37.7 

6.41 

83.0 

131.0 

101.5 

6.66 

1250 

9 

13.61 

62 

42.0 

16.01 

37.8 

6.75 

89.5 

133.0 

100.0 

6.83 

II 

initial 

20.34 

115 

18.1 

9.95 

33.3 

6.42 

80.5 

142.5 

114.0 

4.06 

6000 

10 

19.63 

115 

23.3 

12.63 

38.1 

7.16 

85.5 

133.5 

102.3 

6.25 

2500 

10 

19.88 

91 

44.0 

13.19 

40.0 

7.72 

88.5 

128.7 

102.5 

8.77 

12 

initial 

16.11 

97 

18.5 

11.00 

28.0 

5.12 

79.5 

146.0 

116.0 

4.94 

6000 

10 

15.42 

98 

31.8 

15.25 

,34.5 

6.08 

80.5 

140.8 

102.5 

5.91 

2500 

7 

15.31 

70 

41.0 

16.01 

37.5 

6.86 

93.0* 

132.0 

100.0 

8.13 

Cortisone 

13 

initial 

14.06 

120 

15.1 

10.90 

26.6 

5.70 

75.0 

142.0 

116.0 

3.96 

6000 

10 

13.26 

105 

21.4 

14.03 

42.6 

7.40 

80.5 

136.5 

107.3 

6.01 

2500 

10 

13.15 

91 

22.3 

14.55 

40.9 

6.79 

86.5 

136.0 

100.0 

6.99 

1250 

7 

13.26 

67 

43.0 

— 

41.0 

6.95 

88.5 

134.0 

105.7 

6.83 

14 

initial 

16.44 

116 

23.6 

11.82 

32.8 

5.59 

88.0 

146.5 

114.6 

4.64 

6000 

10 

15.31 

118 

29.8 

14.55 

42.0 

6.53 

85.5 

137.5 

100.0 

6.50 

2500 

10 

14.97 

79 

75.2 

15.08 

40.0 

7.49 

83.5 

133.5 

101.5 

7.21 

1250 

4 

14.97 

65 

97.2 

15.08 

36.6 

7.06 

88.0 

132.5 

100.4 

8.71 

15 

initial 

20.68 

109 

22.3 

12.91 

37.0 

6.36 

85.5 

143.0 

113.1 

4.87 

6000 

10 

19.43 

no 

25.0 

15.43 

37.2 

6.86 

88.5 

139.5 

100.0 

6.58 

2500 

7 

19.43 

96 

42.0 

15.78 

41.8 

8.18 

81.0 

134.5 

99.4 

9.32 

16 

initial 

15.20 

98 

22.7 

9.79 

28.6 

5.25 

77.5 

143.3 

116.5 

4.33 

6000 

10 

13.84 

87 

26.0 

12.63 

31.2 

5.81 

77.5 

140.8 

105.7 

6.01 

2500 

7 

14.06 

86 

i  33.0 

15.20 

35.4 

6.02 

85.0 

132.5 

101.9 

7.21 

Doees  italicised  are  minimum  maintenance  levels. 
*  Not  a  fasting  blood  sugar. 


terone  series  given  adequate  therapy  or  ev^en  doses  well  below  the  level 
which  will  maintain  normalcy. 


DISCUSSION 

Few  investigators  have  had  access  to  sufficient  aldosterone  for  physio¬ 
logical  experimentation,  hence  the  literature  dealing  with  this  crystalline 
steroid  is  not  voluminous.  Desaulles  et  al.  (1953),  were  the  first  to  test  pure 
aldosterone  and  to  state  that  it  was  25  times  more  active  than  desoxycorti- 
costerone  in  inhibiting  Na  excretion  in  rats.  Mattox  et  al.,  (1953),  reported 
a  similar  degree  of  activity  on  Na-retention  for  their  crystalline  prepara¬ 
tion.  Other  workers  (Speirs  et  ah,  1954)  also  using  rats,  and  employing  the 
Simpson-Tait  test,  report  a  potency  for  aldosterone  120  times  that  of 
desoxycorticosterone. 

Gross  (1954),  and  Gross  and  Gysel  (1954)  used  adrenalectomized  dogs 
and  compared  the  potency  of  the  new  steroid  with  that  of  DCA.  They  con¬ 
cluded  that,  “In  the  adrenalectomized  dog,  the  daily  dose  of  electrocortin 
(aldosterone)  required  for  maintenance  of  life  is  1.5  to  2.0  /Kg.  by  sub- 
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cuteneous  injection  in  oily  solution,”  They  found  aldosterone  to  be  25-30 
times  more  active  than  DCA. 

In  the  present  study,  the  average  minimum  maintenance  dose  of  this 
compound  was  approximately  10  /xg-/ dog  day  when  administered  in  10% 
alcohol  in  divided  doses  twice  daily  (the  daily  dose  required  for  complete 
maintenance  varies  from  6.2  to  12.5  Mg-  day).  Since  the  least  amount  of 
DOC  which  was  necessary  to  maintain  the  dogs  was  125-250  Mg-  day  it  is 
obvious  that  aldosterone  is  approximately  12-25  times  more  potent  than 
DOC  when  tested  under  the  conditions  of  these  experiments. 

Altering  the  conduct  of  the  experiments,  even  in  minor  respects  will  un¬ 
doubtedly  give  different  figures  for  potency.  Thus,  Gross  and  Gysel  (1954) 
obtained  data  indicating  a  higher  degree  of  activity  of  aldosterone  as 
compared  with  DCA  than  the  potency  figures  cited  in  these  experiments. 
However,  the  conditions  under  which  the  two  sets  of  data  were  obtained 
are  different  (1)  The  Swiss  investigators  administered  aldosterone  in  oil; 

(2)  the  longest  period  of  observation  at  the  minimum  dosage  was  10  days; 

(3)  the  DCA  was  in  oily  solution  and  the  maintenance  dose  varied  from 
0.7-1  mg.  injected  subcutaneously  once  daily,  and  finally  (4)  0.5  gm.  of 
salt  was  added  to  the  basal  ration.  If  these  differences  in  diet,  vehicle  for 
solubilizing  the  steroid,  duration  of  the  test  etc.,  are  given  due  considera¬ 
tion  it  becomes  evident  that  the  data  of  Gross  and  Gysel  and  those  pre¬ 
sented  in  Table  1  are  not  greatly  different. 

Earlier  work  done  in  this  laboratory  (Swingle,  Perlmutt  et  al.,  1952)  had 
shown  that  the  minimum  maintenance  dose  of  DCA  in  oil  th^t  will  pre¬ 
serve  normal  arterial  pressure,  serum  electrolytes  and  hemoconcentration 
in  tests  on  adrenalectomized  dogs  which  varied  in  no  way  from  those  pre¬ 
sented  here,  was  300-500  Mg-/  dog/ day.  This  is  30-50  times  more  steroid 
than  the  10  Mg-  daily  requirement  for  aldosterone. 

A  larger  dose  of  this  mineralocorticoid  is  required  for  prevention  of  the 
slow  decline  in  arterial  pressure  (generally  the  first  indication  of  inade¬ 
quate  dosage)  than  is  necessary  to  preserve  a  normal  serum  electrolyte  pat¬ 
tern.  It  is  not  an  uncommon  observation  for  an  animal  to  show  severe 
symptoms  of  adrenal  insufficiency  with  low  arterial  pressure  and  yet  main¬ 
tain  normal  serum  Na  levels. 

The  most  pressing  question  concerning  the  newly  isolated  steroid  is 
whether  it  differs  qualitatively  as  well  as  quantitatively  from  DOC.  Too 
meager  a  supply  of  aldosterone  is  now  available  and  too  few  experiments 
have  been  performed  to  permit  a  definitive  answer.  However,  on  the  basis 
of  what  is  now  known,  certain  facts  appear  to  be  established  and  suggest 
that  aldosterone  differs  in  several  respects  from  desoxy corticosterone,  (1) 
It  is  much  more  potent  in  retaining  Na;  (2)  According  to  Dessaules  et  al., 
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(1953)  it  is  active  in  stimulating  K  excretion,  hut  much  less  so  than  DCA; 
(3)  It  has  been  reported  (Schuler  et  al.,  1954)  that  aldosterone  is  30  times 
more  active  than  DOC  in  increasing  the  liver  glycogen  of  mice.  Gaunt  and 
Associates  (1954)  state  that  it  shows  potency  as  great  or  even  greater  than 
cortisone  when  used  on  rats  in  the  cold  stress  test.  Howev'er,  according  to 
these  authors,  it  has  approximately  one-half  the  activity  of  the  Cn-oxy- 
steroids  in  the  eosinophil  depletion  test. 

All  of  these  reports  suggest  that  aldosterone  although  exhibiting  some  of 
the  activity  characteristic  of  DOC,  nevertheless,  apparently  posseses  a 
number  of  other  physiological  properties  which  differ  from  those  of  desoxy- 
corticosterone. 

The  minimum  maintenance  dose  of  the  aqueous-alcohol  solutions  of  cor¬ 
tisone  and  hydrocortisone  was  5000  /xg. /dog  day.  This  is  500  times  more 
than  the  maintenance  requirement  for  aldosterone  but  is  6  times  less  than 
the  minimum  daily  maintenance  dose  of  the  microcrystalline  suspension  of 
cortisone. 


SUMMARY 

The  minimum  maintenance  dose  of  aldosterone  and  the  free  alcohols  of 
DOC,  cortisone  and  hydrocortisone,  when  administered  to  adrenalecto- 
mized  dogs  in  10%  alcohol  in  divided  do.ses  twice  daily  is  as  follows: 
Aldosterone,  approximately  10  /xg-  dog  day;  DOC  250-125  day; 

cortisone  and  hydrocortisone,  5000  /xg.  dog  day.  Thus,  the  daily  require¬ 
ment  for  aldosterone,  under  the  conditions  of  these  experiments,  is  12-25 
times  less  than  that  required  for  DOC  and  is  but  1  500th  of  the  daily  dose 
necessary  for  maintenance  when  either  of  the  Cu-oxysteroids  are  used.  If 
the  dogs  are  assayed  using  DCA  in  oil,  the  minimum  dose  preserving  nor¬ 
mality  in  tests  similar  to  those  presented  here  and  performed  under  identi¬ 
cal  conditions,  is  300-500  /xg.  (log  day.  This  is  30-50  times  more  steroid 
than  the  10  /xg.  daily  requirement  for  maintaining  adrenalectomized  dogs 
with  aldosterone. 

Aldosterone  in  low  dosage  is  less  effective  in  regulating  serum  K  levels 
than  it  is  in  maintaining  a  normal  serum  Na.  In  this  respect  it  appears  to 
differ  from  DOC,  for  aldosterone  dogs  receiving  sub-maintenance  doses 
and  exhibiting  severe  symptoms  of  hyperpotas.semia  may  present  no  de¬ 
tectable  deviations  from  normal  in  serum  Na.  A  larger  dose  of  aldosterone 
is  requisite  to  prevent  a  slow  decline  in  arterial  pressure  than  is  necessary 
to  keep  the  serum  electrolyte  pattern  normal. 

Aldosterone,  although  possessing  certain  physiological  properties  charac¬ 
teristic  of  DOC,  also  exhibits  activity  different  from  desoxy corticosterone 
and  peculiar  to  itself. 
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EFFECT  OF  ALCOHOL  INTOXICATION  AND  ACTH  ON 
LIVER  ASCORBIC  ACID  IN  THE  GUINEA  PIG^  ^ 

J,  C.  FORBES  AND  G.  M.  DUNCAN 

Department  of  Biochemistry,  Medical  College  of  Virginia,  Richmond,  Virginia  and 
the  Division  of  Alcohol  Studies  and  Rehabilitation,  Department  of 
Health,  Commonwealth  of  Virginia 

The  administration  of  an  intoxicating  amount  of  alcohol  to  intact  rats 
(Forbes  and  Duncan,  1951;  Smith,  1951)  and  guinea  pigs  (Forbes  and 
Duncan,  1951)  has  been  shown  to  cause  a  reduction  in  the  concentration  of 
ascorbic  acid  and  cholesterol  in  the  adrenal  glands.  This  adrenal  response 
does  not  occur  in  hypophysectomized  rats  (Forbes  and  Duncan,  1951; 
Smith,  1951).  However,  in  spite  of  this  effect  of  alcohol  on  the  adrenal 
ascorbic  acid,  repeated  moderate  alcohol  intoxication  in  guinea  pigs  main¬ 
tained  with  a  scorbutogenic  diet  did  not  appear  to  hasten  the  rate  of  de¬ 
velopment  of  scurvy  (Forbes  and  Duncan,  1953).  Mortality  rate  and 
adrenal  cholesterol  concentration  both  were  quite  comparable  to  those 
found  in  pair-fed  controls.  It  would  thus  seem  that  the  ascorbic  acid  that 
left  the  adrenals  as  a  result  of  alcohol  intoxication  could  not  have  been  en¬ 
tirely  lost  to  the  body,  but  may  have  migrated  to  some  other  tissue  or 
organ. 

Loeper,  (1936)  and  his  associates  induced  severe  phosphorus  intoxica¬ 
tion  in  guinea  pigs  for  a  period  of  7  days  and  found  a  higher  level  of  as¬ 
corbic  acid  in  the  liver  of  those  animals  than  in  corresponding  controls 
whether  the  animals  were  maintained  on  a  scorbutogenic  diet  or  received 
daily  injections  of  ascorbic  acid.  Dugal  and  Therien  (1947)  found  that 
guinea  pigs  that  had  become  adapted  to  exposure  to  severe  cold  for  an  ex¬ 
tended  period  and  had  received  vitamin  C  daily,  tended  to  have  a  higher 
level  of  ascorbic  acid  in  the  liver  than  was  found  in  controls  receiving  the 
same  amount  of  the  vitamin  but  kept  at  room  temperature.  Long  (1946) 
reported  no  change  in  the  liver  ascorbic  acid  in  guinea  pigs  24  hours  after 
a  non-fatal  hemorrhage.  When  a  non-fatal  hemorrhage  was  imposed  on  rats, 
which  readily  synthesize  vitamin. C,  Sayers  (1945)  found  a  gradual  but 
steady  increase  in  the  liver  ascorbic  acid  at  intervals  up  to  24  hours.  More 
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recently,  Casentini  and  his  co-workers  (1953)  studied  the  effect  of  various 
stressor  agents  on  tissue  ascorbic  acid  in  guinea  pigs  and  found  a  lower  level 
in  the  liver  of  fasted  animals  subjected  to  a  temperture  of  0°  to  4°  C.  for 
40  hours  than  in  fasted  controls  at  room  temperature. 

In  an  attempt  to  obtain  more  information  on  the  effect  of  alcohol  on 
ascorbic  acid  in  the  body,  it  was  decided  to  determine  whether  a  change  in 
the  amount  of  ascorbic  acid  in  the  liver  of  guinea  pigs  might  occur  follow¬ 
ing  alcohol  intoxication. 


PROCEDURE 

Male  guinea  pigs  weighing  250-300  gm.  were  placed  on  a  diet  of  Rockland  rabbit 
pellets  plus  an  abundance  of  green  cabbage  leaves  for  10-12  days  in  order  to  assure 
healthy  animals  in  a  fairly  comparable  nutritional  condition.  They  were  then  paired  by 
weight  and  all  deprived  of  the  green  cabbage  for  various  periods  of  time  before  they  were 
given  alcohol  or  used  as  controls.  No  more  cabbage  was  fed  during  the  course  of  an  ex¬ 
periment.  The  alcohol  was  prepared  as  a  15%  solution  in  5%  glucose  and  given  by  intra- 
peritoneal  injection  at  a  level  of  4  gm./kg.  of  body  weight.  Sterile  technic  was  observed 
throughout.  Controls  were  injected  with  a  comparable  volume  of  5%  glucose.  A  few 
animals  were  sacrificed  without  injections.  Since  the  guinea  pigs  receiving  alcohol  rarely 
ate  for  the  next  24  hours,  no  pellets  were  allowed  any  of  the  animals  for  this  period  after 
the  first  injection.  All  the  alcohol-injected  animals  to  be  sacrificed  later  than  24  hours 
were  given  pellets  ad  libitum  after  this  time.  Their  food  consumption  was  checked  several 
times  during  the  da}'  and  the  controls  were  given  only  the  amount  eaten  by  the  corre¬ 
sponding  test  animals. 

In  one  group  of  experiments  the  animals  were  sacrificed  at  intervals  of  24,  48  and 
72  hours  after  1  injection  of  alcohol.  In  another  series,  alcohol  was  administered  on  2  or 
3  consecutive  days.  These  guinea  pigs  were  sacrificed  24  hours  after  theJast  injection, 
corresponding  to  48  or  72  hours  after  the  first  intoxication.  All  animals  were  sacrifiecd 
and  the  adrenals  removed  and  analysed  for  ascorbic  acid  according  to  procedures  de¬ 
scribed  in  an  earlier  publication  (Forbes  and  Duncan,  1951).  The  liver  was  removed, 
and  a  wedge-shaped  piece  weighing  approximately  350-400  mg.  was  cut  from  the  left 
lobe.  The  wedge  was  removed  from  the  same  location  in  each  animal.  This  piece  was 
weighed  at  once  on  a  torsion  balance,  placed  in  6%  trichloracetic  acid  and  analysed  for 
ascorbic  acid  by  the  method  used  for  the  adrenals.  The  accuracy  of  using  a  single  wedge- 
shaped  piece  from  the  liver  was  checked  by  determinations  on  whole  livers  and  hy 
wedges  removed  from  other  lobes  of  the  same  liver.  The  variations  were  never  great. 

Other  groups  received  injections  of  25  mg.  of  sodium  ascorbate  per  100  gm.  of  body 
weight  24  hours  before  the  initial  dose  of  alcohol  or  glucose  and  an  additional  25  mg.  per 
100  gm.  was  added  to  the  injected  solutions. 

RESULTS 

The  results  obtained  from  these  experiments  are  shown  in  Table  1.  The 
values  given  are  the  mean  and  standard  deviation  for  the  total  ascorbic 
acid  in  the  fresh  tissue  of  the  liver  and  of  the  adrenals.  The  ascorbic  acid 
concentration  in  the  left  adrenal  was  determined  in  each  case  and  the  total 
adrenal  content  calculated.  It  will  be  noted  that  24  hours  after  1  injection 
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Tabi.e  1.  The  ascorbic  acid  context  of  the  liver  and  adrenals  of  guinea  pigs  follow¬ 
ing  INTRAPERITONEAL  ADMINISTRATION  OF  4  GM.  ALCOHOL/KG.  OF  BODY  WEIGHT,  PREPARED 


AS  A 

15%  SOLUTION  OF  95%  ALCOHOL  IN  5%  GLUCOSE 

Num¬ 

ber 

of 

K-p. 

used 

Solu¬ 

tion 

given 

Num¬ 
ber  of 
injec¬ 
tions 

Sacrificed 

.\scorbic  acid 

.\fter 

injec¬ 

tion, 

hrs.* 

With- 

.\drenals 

Liver 

out 

groens, 

Total  mg. 

Total  mg. 

mg./ 100  gm. 

hrs. 

Mean  SD 

Mean  SD 

Mean  SI) 

() 

_ 

_ 

_ 

04 

0.186 +0.076 

1.63+0.53 

0.39+0.11 

6 

— 

— 

— 

88 

0.155  ±0.023 

1 . 15±0. 10 

0.28+0.02 

6 

— 

— 

— 

112 

0.119  +0.0.34 

1.01±0.27 

0.25  ±0.07 

11 

glucose 

1 

24 

64 

0.180  ±0.030 

1.98±0.26 

0.48+0.08 

11 

alcohol 

1 

24 

64 

0.157±0.045 

1.97  ±0.39 

0.48±0.07 

10 

glucose 

1 

48 

64 

0.146+0.036 

1 .29+0.211 

0.. 36 +0.05 

10 

alcohol 

1 

48 

64 

0.145  ±0.031 

1 .82±0.44 

0.50±0.11 

6 

glucose 

2 

48 

64 

0.176  ±0.038 

1.60  ±0.28 

0.42+0.08 

7 

alcohol 

2 

48 

64 

0.154±0.013 

1.98±0.38 

0.50±0.10 

8 

glucose 

1 

48 

112 

0.161  ±0.047 

1.04+0.151 

0.24+0.03 

8 

alcohol 

1 

48 

112 

0.117+0.011 

1 .62  ±0.29 

0.38  ±0.06 

4 

glucose 

1 

72 

88 

0.116±0.019 

1.42+0.36 

0.40+0.10 

4 

alcohol 

1 

72 

88 

0.128±0.019 

1.62  ±.0.39 

0.45±0.12 

8 

glucose 

1 

72 

88 

0.155  ±0.029 

1 .28±0.12 

0.31  +0.02 

7 

alcohol 

3 

72 

88 

0.105±0.010 

1.46  ±0.20 

0.36  ±0.06 

12t 

glucose 

1 

24 

64 

0.,301  ±0.061 

4.30  +  1.20 

1.11  +0.32 

12 

alcohol 

1 

24 

64 

0.219  ±0.043 

3.98  ±0.67 

1 .00  ±0.13 

fit 

glucose 

1 

48 

88 

0.225+0.043 

2.05+0. 37t 

0.52+0.11 

6 

alcohol 

1 

48 

88 

0.244  ±0.054 

2.88±0.61 

0.73±0.14 

*  Hours  after  first  injection  of  glucose  or  alcohol. 

t  .\nimals  in  these  groups  received  2  injections  of  25  mg.  sodium  ascorbate/ 100  gm.  bodj' 
wt.,  one  24  hrs.  before  alcohol  or  glucose,  the  other  with  injected  solutions. 

t  This  difference  is  considered  statistically  significant  since  the  P  value  from  Fisher’s 
tables  (19.16)  is  less  than  0.01. 


of  alcohol  there  was  no  difference  between  the  liver  ascorbic  acid  content 
of  the  alcohol  and  glucose-injected  animals,  although  the  expected  drop  in 
adrenal  ascorbic  acid  had  occurred.  However,  48  hours  after  1  injection  of 
alcohol,  a  significantly  higher  level  was  found  in  the  liver  of  the  test  ani¬ 
mals  than  in  the  corresponding  control  groups  which  received  glucose  or 
were  sacrificed  after  depletion  only.  The  difference  was  still  evident,  but 
less  marked,  in  the  animals  .sacrificed  72  hours  after  1  injection.  This  gen¬ 
eral  effect  on  liver  ascorbic  acid  was  obtained  even  when  additional  alcohol 
was  given  on  the  intervening  days.  Administration  of  sodium  ascorbate  be¬ 
fore  and  with  the  injected  solutions  raised  the  general  level  of  ascorbic 
acid  in  both  liver  and  adrenals;  nevertheless,  the  liv’ers  of  the  alcohol-in¬ 
jected  animals  sacrificed  at  the  48-hour  period  contained  more  ascorbic 
acid  than  was  found  in  the  glucose  controls.  A  64-hour  period  of  depletion 
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l)efore  the  alcohol  administration  did  not  alter  this  relationship.  Experi¬ 
mental  results  not  shown  in  the  Table  indicated  that  when  the  total  period 
of  depletion  was  extended  to  184  hours  the  difference  between  the  test  and 
control  animals  had  disappeared. 

Since  alcohol  intoxication  had  shown  such  a  definite  effect  on  the  liver 
ascorbic  acid,  it  was  decided  to  determine  whether  ACTH  might  have  a 
.similar  effect.  Crystalline  ACTH  (Armour)  was  dissolved  in  5%  glucose  so 
that  1  mg.  or  1  International  Unit  was  contained  in  0.2  ml.  of  solution.  This 
was  giv'en  by  intraperitoneal  injection  at  dose  levels  of  2,  4,  and  5  mg.  per 
100  gm.  of  body  weight.  The  5  mg.  dose  was  divided  into  2  injections,  the 
second  following  the  first  by  12  hours.  Since  the  ACTH  exerted  no  appar¬ 
ent  effect  on  food  intake,  all  animals  were  allowed  pellets  ad  libitum.  They 
were  sacrificed  at  intervals  of  12,  24,  36,  and  48  hours  after  the  injection. 
The  values  for  all  dose  levels  have  been  combined  and  are  presented  in 
Table  2.  The  results  show  that  the  livers  of  the  ACTH-injected  groups 


Table  2.  The  ascorbic  acid  content  of  the  liver  and  adrenals  of  guinea 
PIGS  FOLLOWING  1  OR  2  INTRAPERITONEAL  INJECTIONS  OF  ACTH 


NumbiT 

of 

KP. 

Sul)stance 

given 

Siicrificod 

•Ascorbic  acid 

After 

iiij., 

lirs. 

With¬ 

out 

groons, 

hrs. 

•Adrenals 

Liver 

Total  mg. 

Total  mg. 

mg. /1 00  gm. 

Mean  SD 

Mean  SD 

Mean  SD 

14 

(ilucoso 

24-36 

40 

0.197+0.037 

2.11  +0.54 

0.53+0.13 

15 

ACTH* 

24-36 

40 

0.159+0.049 

2.72  ±0.58 

0-67+0.14 

14 

(ilucoso 

48 

64 

0.151  +0.025 

1 .75+0., 39 

0.46+0.10 

15 

■  ACTH* 

48 

64 

0.159+0.048 

1 .83+0.56 

0.50  ±0.15 

*  ACTH  given  at  3  dose  levels;  2,  4,  and  5  mg./lOO  gm.  body  wt.  Values  for  all  doses 
combined.  Prepared  so  1  mg.  erystalline  .\CTH  contained  in  0.2  ml.  5%  glucose,  controls, 
5%  glucose. 


sacrificed  24  or  36  hours  after  injection  contained  more  ascorbic  acid  than 
was  found  in  the  glucose  controls.  The  mean  value  at  these  intervals  was 
significantly  different  from  the  mean  of  the  controls,  the  P  value  being  less 
than  0.01.  The  difference  by  48  hours  was  not  significant. 

DISCUSSION 

These  experiments  demonstrate  the  occurrence  of  a  significantly  higher 
content  of  ascorbic  acid  in  the  liver  of  guinea  pigs  48  hours  after  alcohol 
intoxication  than  was  found  in  comparable  controls.  This  effect  was  not 
altered  by  a  second  injection  of  alcohol  on  the  intervening  day  before  sacri¬ 
fice,  or  by  the  injection  of  a  large  amount  of  sodium  ascorbate  before  and 
with  the  alcohol.  Moderate  vitamin  C  depletion  before  the  alcohol  did  not 
prevent  the  occurrence  of  this  higher  level,  but  when  the  total  period  of 
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\’itamin  depletion  was  extended  to  184  hours  there  was  no  significant  differ¬ 
ence  between  the  test  and  control  animals.  This  is  probably  due  to  the  gen¬ 
erally  low  level  of  ascorbic  acid  in  the  animal  at  this  time.  It  is  of  interest 
that  the  alcohol  animals  sacrificed  after  a  total  depletion  of  112  hours 
showed  an  average  value  comparable  vith  that  seen  in  the  uninjected 
controls  after  64  hours  depletion.  Since  the  guinea  pig  is  believed  to  be  un¬ 
able  to  synthesize  vitamin  C,  this  higher  level  in  the  .animals  injected  with 
alcohol  or  ACTH  probably  represents  migration  from  other  areas  of  the 
body  into  the  liver.  This  extra  amount  of  vitamin  C  in  the  liver  of  the  test 
animals  could  not  have  come  entirely  from  the  adrenals  since  the  adrenal 
loss  represents  only  a  small  fraction  of  the  difference  seen  in  the  liver. 
Furthermore,  the  maximal  difference  in  the  liver  occurred  in  the  alcohol 
guinea  pigs  well  past  the  usual  period  of  depletion  of  the  adrenal  ascorbic 
acid.  At  the  time  of  the  greatest  drop  in  the  adrenal,  the  liver  showed  no 
change.  These  results  suggest  that  the  lack  of  any  difference  in  the  liver 
ascorbic  acid  which  was  noted  by  Long  (1946)  in  guinea  pigs  following  non- 
fatal  hemorrhage  may  have  been  due  to  the  fact  that  the  animals  were 
sacrificed  too  soon. 

Selye  (1950)  pointed  out  that  the  imposition  of  a  stress  instigates  a  series 
of  metabolic  changes  which  seem  to  progress  according  to  the  type  and 
severity  of  the  stress,  and  which  are  generally  reversed  during  the  stage  of 
resistance.  In  our  animals  injected  with  ACTH,  both  the  liver  and  adrenals 
respond  about  24  hours  earlier  than  in  the  alcohol-injected  guinea  pigs.  This 
is  not  surprising  since  the  injection  of  ACTH  would  be  expected  to  have  a 
more  acute  and  less  persistent  effect  than  alcohol  intoxication.  Casentini 
and  his  associates  (1953)  sacrificed  their  animals  while  they  were  still  sub¬ 
jected  to  both  cold  and  fasting,  and  found  a  moderate  reduction  in  liver 
ascorbic  acid.  It  is  possible  that  if  we  had  sacrificed  some  of  our  alcohol-in¬ 
jected  animals  earlier  than  24  hours  they  might  have  shown  a  lower  value 
than  the  controls.  Since  the  higher  level  occurred  a  relatively  long  time 
after  the  imposition  of  the  stress,  it  is  suggested  that  mobilization  of  as¬ 
corbic  acid  into  the  liver  may  be  a  part  of  the  adaptation  mechanism. 

SUMMARY 

Guinea  pigs  given  an  intraperitoneal  injection  of  an  intoxicating  amount 
of  alcohol  on  1  to  3  consecutive  days  showed  significantly  higher  values  for 
total  liver  ascorbic  acid  48  hours  after  the  initial  intoxication  than  were 
found  in  controls  receiving  diluting  fluid  onlj\  This  occurred  whether  the 
guinea  pigs  had  received  large  amounts  of  sodium  ascorbate  or  not.  The 
difference  in  liver  ascorbic  acid  had  not  developed  24  hours  after  the  initial 
intoxication  but  was  still  apparent  at  72  hours.  A  similar  higher  level  in  the 
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liver  ascorbic  acid  was  found  after  injection  of  ACTH,  although  this  oc¬ 
curred  approximately  24  hours  sooner  than  was  the  case  with  alcohol. 
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DEPENDENX^E  OF  RATIO  OF  RADIOIODIDE  CONCEN¬ 
TRATIONS  IN  THYROID  GLAND  AND  SERUM 
ON  SERUM  IODIDE  CONCENTRATION: 

WITH  PROPYLTHIOURACI.L 

SEYMOUR  H.  WOLLMAN  and  ROBERT  O.  SCOW 

National  Cancer  histitute  and  National  Institute  of  Arthritis  and  Metabolic  Diseases,^ 

Bethesda,  Maryland 

A  STUDY  of  the  dependence  of  the  ratio  of  the  thyroid  radioiodide  con¬ 
centration  to  the  fserum  radioiodide  concentration  (T/S  ratio)  on  the 
serum  iodide  concentration  has  been  reported  in  the  rat  by  Halmi  (1954). 
This  paper  reports  a  similar  study  in  normal  and  hypophysectomized  mice. 
In  addition,  using  simple  models,  formulae  have  been  deriv'ed  describing 
the  dependence  of  the  T/S  ratio  on  the  serum  iodide  concentration  and 
predictions  of  the  formulae  are  compared  with  the  appropriate  experi¬ 
mental  results  in  both  mice  and  rats. 

M.\TERIALS  AND  METHODS 

Male  C3H  mice  were  used.  The  normal  mice  were  four  months  of  ap:e  at  the  time  of  the 
radioiodine  study.  The  hypophysectomized  mice  were  fourteen  weeks  old  at  the  time  of 
the  operation  which  was  done  eight  days  before  the  radioiodine  study.  The\'  were  hy- 
poph3'sectomized  through  the  parapharyngeal  ai)proach.  Completeness  of  the  operation 
was  ascertained  bj’  visual  inspection  of  the  region  of  the  sella  turcica  for  pituitary  frag¬ 
ments  using  a  binocular  microscope  at  9X  magnification. 

The  normals  were  fed  a  pelleted  stock  diet  of  moderateh'  low  iodine  content  (Woll- 
man,  Scow,  Wagner  and  Morris,  1953)  for  35  days  and  the  hvpophN'sectomized  mice  for 
22  daj's  immediatelj’  preceding  the  radioiodine  stiuh'. 

Organic  binding  of  iodine  was  blocked  bj’  subcutaneous  injection  of  a  solution  con¬ 
taining  2.5  mg.  of  propylthiouracil  (Wollman  and  Scow,  1953). 

Administration  of  iodide:  A  different  stock  aqueous  solution  of  Xal  was  used  for  each 
of  the  two  experiments  reported.  The  iodide  concentration  was  measured  by  direct 
titration  or  bj"  a  micro-Volhard  method  depending  upon  the  iodide  concentration.* 
Radioiodide*  was  added  to  approj)riate  dilutions  of  the  stock  Xal  solutions.  One-half 
ml.  of  a  solution  of  known  specific  activity,  containing  between  20  to  100  microcuries  of 
radioiodide  was  administered  bv  intraperitoneal  injection  to  each  mouse  one  hour  after 
the  propylthiouracil  injection. 

Received  for  publication  June  7,  1954. 

*  Xational  Institutes  of  Health,  Public  Health  Service,  Department  of  Health,  Educa¬ 
tion,  and  Welfare. 

*  We  are  grateful  to  R.  Koegel  of  the  X'ational  Cancer  Institute  for  analj’ses  of  the 
stock  iodide  solutions. 

*  The  I*®^  was  supplied  by  the  Oak  Ridge  Xational  Laboratorj',  Oak  Ridge,  Tennessee. 
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Tliyroid  kIiukI  mul  blood  samples  were  obtained  as  previously  described  by  Wollman 
and  Scow  (1953)  one  hour  after  radioiodide  injection  for  normals,  and  two  hours  after 
injection  for  hypopliysectomized  mice. 

Radioiodide  content  of  samples  was  measured  using  well-type  gamma  counters.  The 
more  active  samples  were  measured  using  the  4-wire  counter  previously  described 
(Wollman,  Morris  and  (Jreen,  1951),  and  the  less  active  samj)les  using  a  Texas  Company 
ty|)e  high  efficiency  Geiger  tulie.^ 

Stable  iodide  concentrations  in  thyroid  glands  and  serum  were  obtained  from  the 
radioiodine  measurements  and  the  known  specific  activities  of  the  injected  solutions. 
This  method  measures  only  freeh-exchangeable  thj'ioid  iodide.  No  evidence  is  available 
as  yet  that  anj'  other  thyroid  iodide  fraction  exists  under  the  conditions  of  these  experi¬ 
ments  (Wollman  and  Scow,  1953).  The  error  due  to  neglecting  the  endogenous  serum 
iodide  concentration  was  negligible  except  in  the  case  of  the  lowest  dose  of  iodide  to  the 
hypopliysectomized  mice. 

Xature  of  the  thyroidal  /*’*.■  The  thyroid  gland  of  a  normal  mouse  which  was  given 
liropylthiouracil  and  100  microcuries  of  carrier-free  radioiodide  was  removed  one  hour 
after  radioiodide  injection.  After  homogenization  in  1  ml  of  ice-cold  H2O  containing 
10  pg.  Nal,  the  suspension  was  deproteinized  with  0.1  ml  each  of  Somogyi’s  Ba(OH)2 
and  ZnS04  solutions.  After  centrifugation  the  amount  of  I’’^  in  the  supernate  and  in  the 
precipitate  were  determined.  One-tenth  and  two-tenths  ml  of  the  supernate  (in  0.01  ml. 
aliquots)  were  then  put  on  Whatman’s  No.  1  filter  paper,  and  the  amount  of  I*^‘  put  on 
pajier  was  measured.  The  filter  paper  was  developed  by  either  of  two  chromatographic 
solutions:  a.  81  parts  95%  ethanol — 19  parts  2N  NH4OH;  or  b.  the  upper  phase  obtained 
by  shaking  10  parts  n-butanol,  1  part  glacial  acetic  acid  and  5  parts  water.  Chromato- 
grajihs  were  run  for  10  hours  by  the  ascending  method  of  Williams  and  Kirb\'  (1948). 
Localization  of  radioactive  spots  was  ascertained  by  autoradiographs  of  the  paper  using 
Kodak  No-Screen  X-Ray  film.  Radioactive  spots  were  cut  out  and  P®*  was  determined 
in  the  sjiots  and  in  the  remainder  of  the  strip  b\'  gamma  counting  in  order  to  check 
recovery  of  I*^^  put  on  paper. 


RESULTS 

Tlie  was  in  the  form  of  iodide  in  thyroid  glands  in  mice  given  2.5  mg. 
of  propylthiouracil  before  the  radioiodide  injection.  Almost  all  of  the 
was  found  in  the  supernate  after  deproteinization  of  homogenates  of  the 
thyroid  gland,  and  the  only  significant  localization  of  the  I*®'  on  the  paper 
chromatogram  was  at  the  site  of  iodide  (Fig.  1).  With  ethanol/ammonium 
hydroxide  almost  all  put  on  the  paper  was  recovered  in  the  iodide  spot. 
With  n-butanol  acetic  acid,  liowever,  only  64%  was  recovered  at  the  iodide 
spot;  15%  was  distributed  uniformly  between  the  iodide  spot  and  the  sol¬ 
vent  front;  and  21%  was  missing.  The  missing  1'®^  may  have  evaporated 
from  the  paper. 

The  T  S  ratio  was  relatively  independent  of  the  serum  iodide  concentra¬ 
tion  for  low  serum  iodide  concentrations,  but  it  decreased  with  increasing 
serum  iodide  concentration  at  higher  serum  levels  in  both  normal  and  hy- 

*  Available  from  Welch  Alh'u,  Inc.,  Skaneateles  Falls,  New  York. 
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Fig.  1.  Autoradiographs  of  paper  chromatographs  of  supernates  of  homogenates  of 
mouse  thyroids  deproteinized  with  Ba(0H)2-ZnS04.  The  mice  had  been  treated  with 
2.5  mg.  of  propylthiouracil  to  block  organic  binding  of  I*®*.  A  and  B;  Ethanol/ammonium 
hydroxide.  A:  Supernate.  B;  Standard  radioiodide.  C  and  D :  n-butanol/acetic  acid/ water. 
C:  Supernate.  D;  Standard  radioiodide. 


pophysectomized  mice  (Table  1  and  Fig.  2).  In  order  to  determine  whether 
the  decrease  in  the  T/S  ratio  was  due  to  an  increased  time  interval  re¬ 
quired  for  e*quilibration  of  iodide  between  blood  and  thyroid  gland  in  nor- 


Table  1.  Effect  of  serum  iodide  concentration  on  T/S  ratio  following  a  single 

INJECTION  OF  PROPYLTHIOURACIL  IN  NORMAL  AND  HYPOPHYSECTOMIZED  MICE 


Group 

Doee 

iodide, 

pg- 

Number 

mice 

Mouse 

weights 

gm. 

Thyroid 

weight, 

mg. 

T/S 

Thyroid 
iodide, 
mg./lOO  gm. 

Serum 
iodide, 
fig./ 100  ml. 

Per  crat  of 
jm  dose 
per  ml. 
serum 

Normal 

0 

8.98 

44.9 

180 

898 

8980 

5 

S 

5 

5 

S 

5 

30.0±2.1> 

28.4±1.3 

29.6±1.7 

28.8±1.7 

27.8±0.9 

27.0±1.7 

2.110.2> 

2.110.2 

2.210.3 

2.210.3 

1.910.3 

2.210.3 

301  111« 

295  1 13 

124  1  6 

68.3  1  3.2 

14.3  1  1.2 
2.061  0.14 

13.6  10. 8« 
32.5  13.0 

61.8  13.8 

76.8  13.0 

92.8  11.5 

46  1  1.4« 

262  1  18 

906  1  44 

5470  1  420 
45600  1  3400 

5.761  0.45« 
4.8610.25 
5.7510.28 
4.8510.33 
5.6210.39 
4.5310.20 

Hypophy- 

0 

4 

21.5±1.5 

1.510.3 

79.6  110.1 

_ 

_ 

4.9810.35 

uctomited 

0.816 

5 

20.2±2.1 

1.710.2 

67.8  1  9.4 

0.3310.09 

6.261  0.95 

5.0510.58 

4.08 

4 

21.511.5 

1.910.2 

59.3  1  3.3 

1.0910.43 

31.0  1  2.6 

5.3710.22 

20.4 

5 

21.611.3 

1.510.2 

42.2  1  4.1 

3.5510.39 

151  1  7 

5.3010.16 

102.1 

4 

22.311.9 

1.510.2 

19.0  1  1.4 

7.7210.62 

788  1  34 

5.7010.18 

>  Mean±  standard  deviation. 
*  Mesn±Btandard  error. 
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Fig.  2.  Dependence  of  the  ratio  of  thyroid  radioiodide  concentration  to  serum  radio¬ 
iodide  concentration  on  serum  iodide  concentration.  The  points  are  experimental  data, 
the  vertical  line  throuKh  each  point  is  the  standard  error.  The  smooth  curves  represent 
least  squares  fit  of  T  S  =  (A/Km -1-Ib)  + 1  to  the  experimental  data. 

inal  mice,  a  comparison  was  made  of  the  T  S  ratio  at  one  and  two  hours 
after  an  injection  of  a  radioiodide  solution  containing  approximately  50 
micrograms  of  iodide.  The  T  S  ratio  was  found  to  he  the  same  at  both  time 
intervals.  The  relation  between  the  concentration  of  freely-exchangeable 
thyroid  iodide  and  the  serum  iodide  concentration  is  shown  in  Figure  3. 

MODELS 

To  interpret  the  above  results,  equations  have  been  derived  which  de¬ 
scribe  the  dependence  of  the  T  S  ratio  on  the  serum  iodide  concentration. 
The  derivations  have  been  based  on  two  qualitativelyjdifferent  models 
(Means,  1951): 

1.  Iodide  concentrating  as  an  adsorption  process:  In  this  physicochem¬ 
ical  model,  the  thyroid  gland  is  assumed  to  contain  a  substance  or  adsorber 
which  complexes  with  iodide.  The  adsorber  is  to  exist  at  a  concentration  of 
M  moles  of  adsorption  sites  per  gram  of  thyroid.  In  addition  to  adsorlied 
iodide,  free  iodide  is  also  assumed  to  exist  in  the  thyroid  at  a  concentration 
equal  to  that  in  the  blood,  Ib.  The  amount  of  adsorbed  iodide  is  assumed  to 
be  governed  by  the  law  of  mass  action  or  its  equivalent,  the  Langmuir  ad- 
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(mg./ 100  mL.) 

Fig.  3.  The  relation  between  thj  roid  iodide  coneentiation  and  sernin  iodide  eoneen- 
tration  in  normal  mice.  The  vertical  line  thronsh  each  point  represents  standard  error 
of  the  mean. 


sorption  isotherm  (de  Boer,  1953).  Tliat  is,  the  rate  of  adsorption,  Vi,  is 
proportional  to  the  product  of  the  concentration  of  free  iodide,  Ib,  and  the 
concentration  of  unoccupied  adsorption  .sites,  M  — It',  where  It'  is  the  con¬ 
centration  of  adsorl)ed  iodide.  The  rate  of  desorption,  Vo,  is  proportional  to 
the  concentration  of  adsorbed  iodide.  The  assumptions  may  he  written 

V,  =  k.(M  -  It'IIb 
v,.  =  k..TT'. 

At  e(iuilihrium  Vi  =  V2,  and  hence 

k..  (M  -  It')Ib 

- - <0 

where  Km  is  the  ecpiilihrium  constant  for  iodide-adsorber  complex  forma¬ 
tion.  On  solving  eq.  (1)  for  It'  this  yields 


K.m  +  Ib 

To  obtain  the  total  thyroid  iodide  concentration.  It,  the  free  thyroid  io¬ 
dide  concentration  which  is  assumed  to  etpial  the  blood  iodide  concentra¬ 
tion  Ib,  must  be  added  to  It'.  This  yields  after  dividing  through  by  I  a 
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It  _  M 
Ib  Km  +  Ib 


(2) 


2.  Iodide  concentrating  as  an  active  transport  process:  In  the  simplest  form 
of  this  model  the  concentrated  iodide  is  assumed  to  be  localized  in  regions 
surrounded  by  continuous  membranes  (consisting  either  of  cells  or  cell 
membranes)  which  separate  the  concentrated  iodide  from  non-concen- 
trated  iodide.  To  quantitate  this  model®  the  iodide  is  assumed  to  complex 
with  a  transport  carrier  molecule  localized  in  the  membrane  where  M  is 
the  concentration  of  transport  carrier.  Iodide  is  assumed  to  enter  the  region 
of  concentrated  iodide  by  active  transport  with  entry  rate  proportional  to 
the  concentration  of  iodide-carrier  complex,  and  in  addition  by  diffusion  at 
a  rate  proportional  to  the  iodide  concentration,  Ib,  outside  the  region  of 
concentrated  iodide.  That  is,  the  total  rate  of  entry,  Vi,  is  given  by 

Vi  =  Kt[Ib  M]  Kala 


where  Kt  is  the  rate  constant  for  transfer  of  complexed  iodide,  [Ib-M]  is 
the  concentration  of  complexed  iodide,  and  Ka  is  the  rate  constant  describ¬ 
ing  the  diffusion  of  iodide  into  the  region  of  concentrated  iodide.  The  con¬ 
centration  of  iodide  complex  is  assumed  to  be  governed  by  the  law  of  mass 
action  with  an  equilibrium  constant.  Km,  given  by 


Km 


Ib(M  -  Hb-MI) 

(Ib-MI 


(3) 


where,  as  before  M  is  the  concentration  of  complexing  agent  '(transport 
carrier).  The  rate  of  loss  of  concentrated  iodide  from  the  region  of  concen¬ 
trated  iodide  is  assumed  to  be  proportional  to  the  concentration  of  the 
iodide  in  the  region,  Ir,  that  is 


v>  —  KalR. 


At  equilibrium,  v,  =  V2,  and  using  the  expression  for  [Ib-MI  obtained  from 
eq.  (3)  the  relation  between  Ir  and  Ib  is  found  to  be 


Ir  = 


KtM/Kci 
Km  +  Ib 


Ib  Ib- 


The  average  thyroid  iodide  concentration.  It,  is  found  by 
It  =  FrIr  -f-  (1  —  Fr)Ib 

where  Fr  is  the  fraction  of  the  thyroid  volume  occupied  by  regions  of  con¬ 
centrated  iodide  and  where  it  is  assumed  that  the  thyroid  iodide  concen- 


®  Karreman  (1953)  has  made  detailed  analysis  of  the  implications  of  these  assump¬ 
tions. 
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tration  outside  such  regions  is  the  same  as  the  blood  iodide  concentration, 
Ib. 

Hence 


It  JuKT^I/I^d 

-  = ;; — - 1" 

Ib  Km  +  Ib 


(4) 


Both  the  adsorption  and  the  active  transport  models  yield  equations  of 
the  same  form 


It  a 

T/S  =  —  =  - +  I 

Ib  Km  +  Ib 


(5) 


where  A  is  a  constant  whose  significance  depends  upon  the  model,  and  Km 
is  an  equilibrium  constant.  The  present  data  cannot  distinguish  between 
the  models.  Although  both  models  involv'e  the  formation  of  a  complex 
between  iodide  and  a  complexing  agent,  one  fundamental  difference  be¬ 
tween  the  models  exists.  In  the  adsorption  model  the  concentrated  iodide 
is  complexed  whereas  in  the  active  transport  model  the  concentrated  iodide 
is  free  and  the  iodide  complex  is  in  equilibrium  with  the  low  concentration 
of  iodide  existing  in  the  blood  rather  than  with  the  high- concentration 
existing  in  regions  of  concentrated  iodide.  This  and  other  factors  to  be  dis¬ 
cussed  in  another  paper  may  allow  selection  of  the  correct  model. 

Using  the  method  of  least  squares  eq.  (5)  was  fit  to  the  data  for  both 
normal  and  hypophysectomized  mice  (Fig.  2).  Values  of  the  constants  A 
and  Km  obtained  from  data  in  this  paper,  and  from  the  data  on  rats  ob¬ 
tained  by  Halmi  (1954)  are  listed  in  Table  2.  The  theoretical  equation  fits 


Table  2.  Best  valves  oe  constants  obtained  from  least  squares  fit  of 
T/S  =  (A/Km +Ib)-|-1  to  data  on  mice  and  rats 


Species 

Group 

A 

Km, 

Mg./ml. 

Mouse 

Normal 

G7 

0.205 -HO. 01* 

Hypophysectomized 

16 

0.248±0.03 

Rat* 

Propylthiouracil 

66.6 

0.60  ±0.06 

Normal 

7.37 

0.31  +0.06 

Hypophysectomized’ 

2.83 

0.58  +0.16 

*  Standard  error. 

*  Halmi  (1954). 

*  T/S  =  (A/Km -|-Ib)+C. 

the  experimental  data  well.  However,  there  are  small  but  statistically  sig¬ 
nificant  deviations  of  the  data  from  the  equations  which  may  reflect  one  or 
more  of  the  following  discrepancies  between  the  model  and  the  actual 
gland : 

1.  The  concentration  of  iodide  has  been  used  instead  of  its  chemical 
activity. 
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2.  The  serum  iodide  concentration  has  been  used  instead  of  the  free 
iodide  concentration  in  the  cell-free  part  of  the  blood.  These  concentrations 
probably  differ  only  by  a  small  factor,  but  their  ratio  may  vary  with  the 
blood  iodide  concentration.  The  extent  to  which  blood  iodide  is  complexed 
with  blood  proteins  does  not  appear  to  be  known. 

3.  The  electric  charge  on  the  iodide  has  been  ignored.  A  difference  in 
electric  potential  between  the  capillaries  and  the  site  of  iodide  concentra¬ 
tion,  perhaps  between  the  inside  and  outside  of  the  membrane  surrounding 
a  region  of  concentrated  iodide,  would  be  expected  to  influence  iodide  in  a 
manner  qualitatively  similar  to  chloride,  i.e.,  partially  exclude  it.  Because 
of  this  effect  the  assumption  that  the  thyroid  iodide  concentration  outside 
of  regions  of  concentrated  iodide  is  the  same  as  that  of  the  blood  may  be  in¬ 
correct.  As  a  consequence  the  constant  term  in  eq.  (5)  cannot  be  expected 
to  be  unity  but  less  than  unity.  The  discrepancy  due  to  this  effect  would  be 
expected  to  be  most  apparent  at  high  serum  iodide  concentrations  where 
the  T/S  ratio  is  approximately  one  or  less.  A  large  literature  exists  describ¬ 
ing  the  influence  of  the  ionic  charge  on  ion  transport  (Conway,  1953; 
Teorell,  1953). 

4.  All  the  regions  of  concentrated  iodide  have  been  assumed  to  have  the 
same  T  S  ratio.  Autoradiographic  studies  of  the  localization  of  radioiodide 
in  the  rat  by  Pitt-Rivers  and  Trotter  (1953)  and  in  the  mouse  (Wollman 
and  Wodinsky,  unpublished  results)  show  that  the  T  S  ratio  differs  from 
follicle  to  follicle.  Since  Km+Ib  may  be  considered  to  be  constant  for  all 
follicles  in  a  gland,  A  measures  an  average  value  of  KtM  Ka  (eq.  4  and  5). 


DISCUSSION 

The  general  form  of  eq.  (5)  describing  the  dependence  of  the  T/S  ratio 
on  the  serum  iodide  concentration 


T/S 


A 


Km  +  Ib 


+  c 


fits  the  experimental  data  satisfactorily  over  the  entire  range  of  serum 
iodide  concentrations.  The  constants  A,  Km  and  C  may  be  obtained  by  in¬ 
spection  of  a  plot  of  T/S  vs.  Ib.  Km  is  equal  to  the  value  of  Ib  when  T/S  — C 
is  half  that  when  Ib  =  0. 

The  constant.  Km,  has  the  same  interpretation  with  either  model.  It  is 
a  measure  of  the  affinity  of  a  particular  substance  in  the  thyroid  gland  for 
iodide.  Since  Km  has  the  same  value  in  normal  and  hypophysectomized 
mice  it  might  be  concluded  that  removal  of  the  pituitary  does  not  affect 
the  affinity  of  the  substance  for  iodide.  Km  may  therefore  be  expected  to 
be  the  same  for  a  given  strain  of  animal  in  all  states  of  thyroid  activity.  Al¬ 
though  the  value  of  Km  does  not  appear  to  be  the  same  for  normal  and 
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propylthiouracil-treated  rats  (Halmi,  1954)  the  values  estimated  from  the 
data  may  not  be  correct.  The  value  of  Km  is  sensitive  to  small  systematic 
errors  in  the  measurements,  and  the  experimental  points  were  not  spaced 
properly  to  allow  an  accurate  determination  of  Km  in  these  rats.  If,  in  the 
rat.  Km  is  constant  and  larger  than  the  value  in  the  mouse,-  as  suggested  by 
the  data  in  Table  2,  it  will  imply  that  the  substance  complexing  with  iodide 
in  the  mouse  thyroid  is  different  from  that  in  the  rat,  and  has  a  greater 
affinity  for  iodide  than  that  in  the  rat. 

The  mechanism  by  which  hypophysectomy  or  propylthiouracil  feeding 
affects  the  T  S  ratio  is  not  significantly  clarified  by  the  present  analysis 
even  in  the  event  that  Km  turns  out  to  be  a  constant  for  the  strain  or  spe¬ 
cies  of  animal.  In  the  adsorption  model  the  T/S  ratio  can  be  affected  onlj-^ 
by  the  quantity  of  adsorber.  In  the  active  transport  model,  however,  the 
T/S  ratio  miglit  be  affected  through  changes  in  1)  the  fraction  of  the  thy¬ 
roid  volume  occupied  by  regions  of  concentrated  iodide,  2)  the  concentra¬ 
tion  of  transport  carrier,  3)  the  rate  of  transport  of  complexed  iodide,  4)  the 
rate  of  diffusion  out  of  the  regions  of  concentrated  iodide. 

SUMMARY 

The  dependence  of  the  ratio  of  the  iodide  concentrations  in  thyroid  gland 
and  serum  (T/S  ratio)  on  the  serum  iodide  concentration  was  investigated 
in  normal  and  hypophysectomized  C3H  mice.  Equations  derived  on  the 
basis  of  an  adsorption  model  or  an  active  transport  model  are  of  the  same 
form,  and  predict  the  observed  dependence  over  almost  the  entire  serum 
iodide  concentration  range. 
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DEPENDENCE  OF  RATIO  OF  RADIOIODIDE  CONCENTRA¬ 
TIONS  IN  THYROID  GLAND  AND  SERUM  ON  SERUM 
IODIDE  CONCENTRATION:  WITHOUT 
PROPYLTHIOURACIL 

SEYMOUR  li.  WOLLMAN  and  ROBERT  O.  SCOW 

National  Cancer  Institute  and  National  Institute  of  Arthritis  and  Metabolic 
Diseases,^  Bethesda,  Maryland 

The  ratio  of  the  thyroid  radioiodide  concentration  to  the  serum  radio¬ 
iodide  concentration  (T  S  ratio)  was  less  when  organic  binding  of  io¬ 
dine  by  the  thyroid  gland  was  permitted,  than  when  binding  was  blocked 
by  propjdthiouracil  (Wollman  and  Scow,  1953).  Since  a  sufficiently  high 
concentration  of  serum  iodide  is  known  to  block  binding  of  iodine  in  the 
rat  (Wolff  and  Chaikoff,  1948),  it  might  be  expected  to  block  thyroid  bind¬ 
ing  of  iodide  in  the  mouse  and  thereby  elevate  the  T  S  ratio  in  the  mouse. 

This  paper  presents  data  describing  the  dependence  of  the  T  S  ratio  on 
the  .serum  iodide  concentration  in  mice.  The  preceding  paper  (Wollman 
and  Scow,  1954)  described  a  similar  study  with  the  exception  that  the  mice 
were  given  a  single  dose  of  propylthiouracil  to  block  binding.  A  comparison 
is  made  of  the  T  S  ratio  when  binding  is  blocked  by  iodide  with  that  when 
binding  is  blocked  by  both  propylthiouracil  and  iodide. 

METHODS  AND  MATERIALS 

Male  C3H  mice,  four  months  of  age,  were  used.  They  formed  a  duplicate  group  to 
the  normals  used  in  the  preceding  paper  (Wollman  and  Scow,  19.54).  They  had  been  fed  a 
pelleted  diet  of  moderately  low  iodine  content  for  34  days  prior  to  the  radioiodine  study 
(Wollman,  Scow,  Wagner  and  Morris,  1953). 

Stable  iodide  (Nal)  and  radioiodide’*  were  injected  in  a  solution  of  known  si)ecific 
activity  as  described  previously  (Wollman  and  Scow,  1954).  One  hour  after  iodide  injec¬ 
tion,  mice  were  anesthetized  with  ether  and  a  blood  sample  was  obtained  from  the 
heart.  Thyroids  were  then  immediately  removed,  cooled,  weighed  and  homogenized  in 
6  ml.  of  ice-cold  HjO  containing  1  mg.  of  Nal.  The  homogenate  was  deproteinized  with 
Ba(OH)2  and  ZnS04  as  described  previously  (Wollman  and  Scow,  1953).  was  meas¬ 
ured  in  precipitated  and  non-precipitated  fractions  of  the  homogenate  and  in  serum  as 
described  in  the  preceding  paj)er  (Wollman  and  Scow,  1954).  The  amount  of  stable  freely- 
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exchangeable  iodide  in  the  thyroid  gland  and  in  serum  and  the  amount  of  stable  iodine 
bound  during  the  interval  between  injection  and  death  were  determined  using  the  known 
specific  activity  of  the  injected  iodide  solutions. 

Identification  of  containing  compounds  in  the  supernatant:  One  and  two  hours  after 
radioiodide  injection,  thyroid  glands  were  excised  from  mice,  cooled,  weighed  and  then 
homogenized  in  1  ml.  of  ice-cold  HoO  containing  10  pg.  of  Xal.  The  homogenate  was  de- 
proteinized  as  above,  and  P®'  was  measured  in  the  supernatant  and  the  sediment.  Five 
micrograms  of  diiodotyrosine  were  added  to  each  supernatant.  Aliquots  of  the  super¬ 
natants  then  were  put  on  filter  paper  and  developed  using  either  ethanol/NH40H  or 
n-butanol, 'acetic  acid/HjO  and  one  dimensional  paper  chromatography.  Localization  of 
radioactivity  and  measurement  of  in  spots  as  well  as  recovery  checks  were  done  as 
described  in  the  preceding  paper  (Wollman  and  Scow,  1954). 

RESULTS 

Almost  all  of  the  in  the  deproteinized  homogenates  was  in  the  form 
of  iodide  (Fig.  1  and  Table  1).  Using  the  data  in  Table  1,  it  is  possible  to 
estimate  that  over  99.9%  of  the  organic  radioiodine  was  removed  from  the 
homogenate  by  deproteinization  with  Ba(OH)2  and  ZnS04. 


A  B  C 


ORIGIN 


D  E  F 


Fig.  1.  Autoradiographs  of  chromatographs  of  supernatants  of  homogenates  of  mouse 
thyroid  glands  deproteinized  by  Ba(0H)2-ZnS04.  A,  B,  0:  Ethanol/2X  X'H40H;  A. 
Standard  radioiodide;  B.  One  hour  after  injection  of  radioiodide;  C.  Two  hours  after 
injection  of  radioiodide.  1),  E,  F:  n-butanol/acetic  acid/HjO;  D.  Standard  radioiodide; 
E.  One  hour  after  injection  of  radioiodide;  F.  Two  hours  after  injection  of  radioiodide. 
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Table  1.  Distribi  tion  of  I'”  in  homooenates  of  mouse  thyroid  gland 


1 

1 

Counts  per  second  I 

Per  cent  of  supernatant  aliquot  on  paper 

Treatment 

Super- 

Sr-dinient 

Ethanol/NH.OH  | 

n-butanol/acetic  acid/H:0 

natant  i 

1 

Orisin  { 

!  Iodide  | 

Rest 

Origin  | 

Iodide  1 

Rest  1 

Missini! 

1  hr.  post  injection  I 

23. .3 

194 

0 

95  1 

0 

0  ' 

08  1 

11  1 

21 

2  hrs.  poet  injection 

23.6 

752 

2  1 

103  1 

5 

2  ' 

57 

16 

25 

Propylthiouracil.  1  hr.  | 
poet  injection 

44.3 

5.01 

0 

95 

0 

0 

60 

1  1 

1  15 

25 

The  dependence  of  the  T  S  ratio  and  the  binding  of  iodine  on  the  serum 
iodide  concentration  is  shown  in  Table  2  and  Fig.  2.  The  T/S  ratio  was 
found  to  be  constant  as  the  serum  iodide  concentration  increased  until  the 
per  cent  of  the  dose  which  was  organic  bound  began  to  decrease.  The  T  S 
ratio  then  increased  progressively  until  the  per  cent  of  the  administered 
radioiodide  which  was  bound  became  very  small.  At  higher  concentrations 
of  serum  iodide,  the  T  S  ratio  decreased  progressively  as  the  serum  iodide 
concentration  increased.  Although  the  T/S  ratio  decreased,  the  stable  thy¬ 
roid  iodide  concentration  increased  as  the  serum  iodide  concentration  in¬ 
creased  (Fig.  3). 

A  comparison  of  the  dependence  of  the  T/S  ratio  on  serum  iodide  con¬ 
centration  when  binding  was  blocked  bj'  iodide  with  the  corresponding  data 
when  binding  was  blocked  with  propylthiouracil  and  iodide  (Fig.  4)  indi- 


Fig.  2.  The  dependence  of  T  S  ratio  and  per  cent  of  administered  radioiodide  in¬ 
corporated  into  jirotein  binding  in  one  hour  on  serum  iodide  concentration.  The  vertical 
line  through  each  point  reiiresents  standard  error  of  the  mean. 
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Table  2.  Effect  of  serum  iodide  concentration  on  the  T/S  ratio  and  on 

BINDING  OF  IODINE  IN  THE  THYROID  GLAND  OF  NORMAL  MICE* 


Dose 

iodide, 

Mouse 
weight, 
gm.  1 

Thyroid 

wdght, 

mg. 

T/S 

Thyroid 
iodide, 
Mg./lOO  gm. 

Serum  iodide, 
pg./lOO  ml. 

Per  cent  of  I>*> 
dose  bound* 

Iodine  bound 
in  1  ng.  hr. 

Pe*  cent  of 
!■*'  dose  per 
ml.  serum* 

0 

30.0±4.7« 

2.1±0.4> 

24.3  ±2.1* 

— 

_ 

7.62 

±1.2* 

_ 

5.87±0.30* 

0.449 

28.0±2.4 

2.3±0.4 

24.9  ±1.2 

67±  4» 

2.70±  0.17« 

7.79 

±0.23 

0.0358  ±0.0011* 

5.54±0.15 

4.49 

30.5±2.8 

2.3±0.5 

45.6  ±4.1 

1,290±  120 

28.5  ±  2.2 

2.25 

±0.35 

0.101  ±0.016 

6.38±0.36 

22.5 

29.7±3.2 

2.3±0.4 

65.8  ±3.6 

10,100±  600 

155  ±  10 

0.076 

±0.004 

0.0172  ±0.0009 

6.70+0.22 

44.9 

28.5±2.4 

2.2±0.4 

53.3  ±2.6 

14,600±  900 

276  ±  21 

0.0279 

±0.0023 

0.0126  ±0.0010 

5.78±0.29 

179.6 

30.2±3.6 

2.4±0.5 

33.4  ±1.7 

43, 200±  2,900 

1,300  ±  70 

0.0146 

±0.0020 

0.0262«+ 0.0036 

7.17±0.t5 

898 

28.3±0.4 

2.2±0.2 

7.44±0.49 

52,200± 2,300 

7,070  ±  280 

0.00298  ±0.00028 

0.0267*±0.0025 

7.45+0.29 

■  Six  mice  per  ^oup. 

>  Standard  deviation. 

'  Standard  error  of  the  mean. 

*  One  hour  after  radioiodide  injection. 

‘  Corrected  to  30  gm  body  weight. 

'  Overestimates  due  to  contamination  by  iodide. 


cated  that  the  T/S  ratio  was  approximately  twice  as  large  when  the  pro¬ 
pylthiouracil  was  given.  This  result  does  not  appear  to  be  due  to  an  incom¬ 
plete  equilibration  of  iodide  between  thyroid  gland  and  blood  in  the  ab¬ 
sence  of  propylthiouracil  since  a  test  showed  that  the  T/S  ratio  was  the 
same  at  one  hour  as  at  two  hours  after  radioiodide  injection. 

DISCUSSION 

The  curve  describing  the  dependence  of  the  T/S  ratio  on  the  serum  io¬ 
dide  concentration  (Fig.  2)  appears  to  have  the  following  qualitative  inter- 


Fig.  3.  The  dependence  of  thyroidal  iodide  concentration  on  serum  iodide  concentra¬ 
tion.  The  v'ertical  line  through  each  point  represents  standard  error  of  the  mean. 
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pretatioii:  The  T/S  ratio  is  independent  of  the  serum  iodide  concentration 
until  the  corresponding  thyroid  iodide  concentration  is  high  enough  to 
begin  to  saturate  the  binding  mechanism.  The  T/S  ratio  increases  with  in¬ 
creasing  serum  iodide  concentration  as  the  saturation  becomes  more  com¬ 
plete.  When  the  binding  process  is  able  to  remove  only  a  negligible  fraction 
of  available  iodide,  the  T /S  ratio  then  begins  to  fall  with  increasing  serum 
iodide  concentration.  This  occurs  because  the  iodide  concentrating  mech¬ 
anism  is  becoming  increasingly  more  saturated  as  in  the  case  of  the  propyl¬ 
thiouracil  blocked  thyroid  at  the  same  concentration  range  of  serum  iodide 
(Wollman  and  Scow,  1954). 

When  organic  binding  was  blocked  by  high  iodide  levels,  the  value  of  the 
T/S  ratio  for  a  given  serum  iodide  concentration  was  always  lower  than 
that  in  corresponding  mice  given  propylthiouracil  (Fig.  4).  This  observa¬ 
tion  may  be  considered  evidence  that  propjdthiouracil  affects  the  T/S  ratio 
by  some  mechanism  in  addition  to  the  blocking  of  binding  of  iodide. 

A  sufficiently  high  concentration  of  serum  iodide  or  thyroid  iodide  was 
associated  with  a  decrease  in  the  uptake  of  radioiodine.  Although  the  up¬ 
take  of  radioiodine  decreased  to  approximately  one-third  of  normal  when 
4.49  fig.  of  iodide  was  given  (Table  2)  the  amount  of  iodine  bound  in  one 


Fig.  4.  The  effect  of  propylthiouracil  on  the  T/S  ratio  at  various  concentrations  of 
serum  iodide.  The  vertical  line  through  each  point  represents  the  standard  error  of  the 
mean. 
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hour  increased  indicating  that  a  partial  saturation  of  the  binding  mecha¬ 
nism  was  responsible  for  this  decrease  in  uptake.  However,  when  22.5  jug.  of 
iodide  was  given,  not  only  was  the  uptake  of  radioiodide  into  thyroid  pro¬ 
tein  decreased  but  the  amount  of  iodine  bound  at  one  hour  was  decreased 
to  one-sixth  of  that  when  4.49  Mg-  of  iodide  was  given  (Table  2).  This  indi¬ 
cates  a  real  inhibition  of  the  binding  mechanism  rather  than  a  saturation 
under  these  conditions.  A  similar  inhibition  has  been  'observed  in  the  rat 
(Wolff  and  Chaikoff,  1948;  Raben,  1949). 

The  mechanism  by  which  a  high  thyroid  iodide  concentration  affects  the 
binding  process  is  unknown.  Almost  no  information  is  available  on  the 
number  or  the  nature  of  the  steps  involved  in  the  binding  process  and  on 
whether  they  are  enzymatic  or  non-enzymatic.  Consequently,  it  is  difficult 
to  determine  whether  high  iodide  concentrations  affect  binding  by  saturat¬ 
ing  or  inhibiting  enzymes,  or  by  interfering  with  one  or  more  non-enzy- 
matic  processes. 

In  the  last  few  years  two  non-enzymatic  mechanisms  have  been  sug¬ 
gested  by  which  a  high  iodide  concentration  might  affect  the  binding  proc¬ 
ess.  Both  mechanisms  are  based  upon  an  analysis  by  Li  (1942)  of  the  ki¬ 
netics  of  the  non-enzymatic  iodination  of  tyrosine. 

The  more  recent  suggestion  (Fawcett  and  Kirkwood,  1953)  is  that  iodide 
inhibits  the  binding  of  radioiodine  by  forming  an  Is"  complex  with  free  L, 
thus  preventing  iodination  by  L.  This  mechanism  does  not  appear  to  be 
able  to  account  for  the  saturation  as  shown  by  the  following  calculation®: 
At  a  thyroid  iodide  concentration  of  1.29  mg.  per  100  gm.  thyroid  (10~'']\I) 
the  bound  is  only  30%  of  that  when  no  carrier  is  given.  At  this  iodide 
concentration  (10~^AI)  only  a  negligible  fraction  of  the  inorganic  I2  can  be 
expected  to  be  complexed  since  using  the  equilibrium  constant  for  the 
formation  of  L”  at  38°  C.  (Davies  and  Gwynne,  1952) 


or 


[r][id 

[I3"] 

[i2]/[i3-] 


10-'  7^=  0.00170 

[I3  ] 

17. 


Although  it  appears  unlikely  that  the  formation  of  L"  can  account  com¬ 
pletely  for  the  inhibition  of  binding  this  possibility  cannot  yet  be  excluded. 
Using  10.1  mg.  iodide  per  100  gm.  thyroid  (0.8X10“®AI)  as  the  concentra¬ 
tion  of  thyroid  iodide  at  which  the  iodination  process  is  inhibited  (Table  2) 
[l2]/[l3~]  =2.  Hence  two-thirds  of  the  iodine  in  the  thyroid  can  be  expected 


®  In  the  following  calculations  the  iodide  concentrations  used  are  those  for  freely- 
exchangeable  iodide.  If  thyroid  iodide  exists  which  is  not  freely-exchangeable,  it  is 
assumed  not  to  take  part  in  the  inhibition  of  the  binding  process  by  iodide. 


December,  1954  T/S  AND  SERUM  IODIDE;  WITHOUT  PTU 


843 


not  to  be  complexed  with  iodide.  Under  these  circumstances  it  might  be 
expected  tliat  the  iodine  bound  would  be  reduced  to  two-thirds  whereas 
actually  it  was  reduced  to  one-sixth  of  that  in  the  saturation  region  just  dis¬ 
cussed.  However,  if  the  local  iodide  concentrations  at  the  binding  sites 
were  twice  the  average  thyroid  iodide  concentration,  complexing  might  ac¬ 
count  for  most  of  the  inhibition. 

The  older  suggestion  (Harington,  1951)  is  that  thyroglobulin  is  iodinated 
by  HIO  rather  than  bj'  I2,  that  the  HIO  is  formed  by  l2-l-H20;^H+-l-U'-l- 
HIO  and  that  the  concentration  of  HIO  would  be  expected  to  be  decreased 
at  high  iodide  concentrations.  At  a  thyroid  concentration  of  iodide  suffi¬ 
cient  to  inhibit  the  binding  process  the  extent  of  the  reaction  is  indeed  de¬ 
creased,  for  according  to  Latimer  (1951) 

=  3  X  10-. 

[I2] 

If  the  pH  =  7  and  [I“]  =  10~®AI,  [H 10]/ [L]  =0.003.  However,  the  extent  of 
the  reaction  varies  inversely  as  the  iodide  concentration  so  that  this  mech¬ 
anism  might  account  for  the  drop  in  the  binding  of  iodine  if  the  extent  of 
formation  of  HIO  were  rate  limiting.  It  appears  difficult  to  evaluate  the 
quantitative  significance  of  both  the  above  suggestions  since  as  evidenced 
by  Ingold’s  (1953)  discussion,  even  the  non-enzymatic  mechanism  of  the 
iodination  of  aromatic  rings  appears  to  be  poorly  understood. 

SUMMARY 

The  dependence  of  the  ratio  of  the  thyroid  radioiodide  concentration  to 
the  serum  radioiodide  concentration  (T/  S  ratio)  on  the  serum  iodide  con¬ 
centration  was  studied  in  male  C3H  mice.  On  increasing  the  serum  iodide 
concentration,  starting  at  low  levels,  the  T  S  ratio  remained  constant  un¬ 
til  the  binding  of  radioiodide  began  to  be  blocked.  The  T/S  ratio  then  in¬ 
creased  with  the  serum  iodide  concentration  until  the  amount  of  iodide 
bound  was  small  compared  with  the  thyroid  iodide  content.  As  the  serum 
iodide  concentration  was  further  increased,  the  T/S  ratio  progressively  <le- 
creased.  When  binding  was  blocked  by  propylthiouracil  and  iodide  the 
T/S  ratio  was  approximately  twice  that  when  binding  was  blocked  by 
iodide  alone. 
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THE  INFLUENCE  OF  CORTICOTROPIN  ON  KETONEMIA 
AND  GLYCEIMIA  IN  NORMAL  AND 
ADRENALECTOMIZED  RATS 

FRANK  L.  ENGEL‘  and  MILDRED  G.  ENGEL 

Departments  of  Medicine  and  Physiology,  Duke  University, 

Durham,  North  Carolina 

PREVIOUS  studies  from  this  lal)oratory  demonstrated  that  adrenalec¬ 
tomy  and  hydrocortisone  or  cortisone  treatment  of  adrenalectomized 
and  normal  rats  had  opposing  influences  with  respect  to  ketosis  during  a 
four  day  fast  (Scott  and  Engel,  1953,  Engel  and  Engel,  1954a).  Thus,  adre¬ 
nal  insufficiency  was  associated  with  enhanced  ketonemia,  provided  the  cir¬ 
culation  was  sustained  with  DCA,  while  cortisone  treatment  of  the  adrenal¬ 
ectomized  rat  restored  ketonemia  to  normal.  In  the  normal  rat  treated  with 
cortisone  or  hydrocortisone  fasting  ketosis  was  completely  abolished.  In 
contrast,  ACTH  in  a  dose  which  increased  adrenal  weight  and  the  blood 
sugar  had  no  effect  on  fasting  ketosis,  although  it  did  depress  the  exag¬ 
gerated  ketonemia  associated  with  exposure  to  a  cold  environment.  This 
apparent  discrepancy  between  the  action  of  ACTH  and  cortisone  was  puz¬ 
zling  but  in  keeping  with  the  contradictory  results  recorded  in  the  litera¬ 
ture.  Thus,  Kinsell  et  al.  (1951)  have  described  a  suppression  of  fasting 
ketosis  by  corticotropin  in  man,  Bennett  et  al.  (1948  a,b)  and  Segaloff  and 
]\Iany  (1952)  reported  a  stimulating  effect  on  fasting  ketosis  in  the  rat, 
while  Bondy  and  Wilhelmi  (1950)  could  elicit  no  effect  of  this  hormone  on 
ketonemia.  The  latter  observers  also  were  unable  to  demonstrate  any  in¬ 
fluence  of  corticotropin  treatment  on  acetoacetate  production  by  liver 
slices  while  Hunter  (1953)  found  a  significant  increase  in  ketone  production 
by  liver  slices  of  rats  after  10  days  of  corticotropin  treatment. 

These  obvious  contradictions  in  the  literature  as  well  as  in  our  own  ex¬ 
perience  led  to  the  present  reinvestigation  of  the  role  of  corticotropin  in 
ketone  metabolism.  Soon  after  the  initiation  of  this  study  it  became  appar¬ 
ent  that  there  were  a  number  of  unexpected  non-endocrine  variables  influ¬ 
encing  ketone  metabolism  in  the  rat  which  had  to  be  isolated  before  the  re- 
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suits  of  corticotropin  injection  could  be  interpreted.  These  variables  in¬ 
clude  peripheral  circulatory  failure  even  when  mild  (Engel  and  Hewson, 
1953),  respiratory  hypoxia,  sympathetic  discharge,  hyper-  or  hypothermia 
in  anesthetized  rats  and  even  anesthesia  itself  (Engel  and  Hewson,  1954b). 
Anesthetized  rats  were  found  to  be  very  much  more  sensitive  to  ketogenic 
hormones  than  were  unanesthetized  animals.  For  this  reason  both  anes¬ 
thetized  and  unanesthetized  animals  were  used  in  these  experiments.  In 
the  former  .special  attention  had  to  be  given  to  the  maintenance  of  a  normal 
body  temperature  since  both  hypo-  and  hyperthermia  modified  the  degree 
of  ketosis  observed.  Both  intact  and  adrenalectomized  rats  were  studied, 
the  latter  because  of  the  suspicion  that  the  ketosis  observed  in  response  to 
certain  corticotropin  preparations  might  indicate  either  an  extra-adrenal 
effect  or,  more  logically,  a  contamination  of  corticotropin  with  a  pituitary 
ketogenic  factor. 


METHOD 

The  source  of  tlie  rats,  their  size,  diet  and  handling  and  the  analytical  methods  were 
the  same  as  in  previous  reports  (Scott  and  Engel,  19.53,  Engel  and  Engel,  1954a).  Un- 
anesthetized  and  anesthetized  rats  fasted  overnight  were  used.  The  former  were  lightl}’’ 
restrained  by  wrapj)ing  them  in  a  towel  during  bleeding  from  the  cut  tail.  They  did  not 
struggle  during  this  procedure.  For  anesthesia,  nembutal  was  injected  intraperitoneally 
at  a  dose  of  4  mg.  100  gm.  for  induction  with  supplements  sufficient  to  maintain  light 
anesthesia  for  the  3|  hour  period  of  observation.  Adrenalectomy  was  performed  by  the 
lumbar  approach  under  nembutal  anesthesia  24  hours  prior  to  the  ketone  studies,  the 
animals  receiving  substitution  therapy  as  indicated  in  the  protocols.  All  experiments 
with  anesthetized  rats  were  carried  out  at  least  once  in  a  ventilated  constant  temperature 
chick  incubator  set  at  33°  C.,  the  environmental  temperature  found  optimal  for  main¬ 
tenance  of  the  body  temperature  at  a  normal  level  in  anesthetized  rats  (Engel  and 
Engel,  1954b).  Where  the  results  checked  clo.sely  (p.>  1)  with  those  previously  obtained 
from  rats  kept  warm  simply  by  exposure  to  an  electric  lamp  they  were  pooled  to  give 
larger  samples  for  intergroup  analyses.  Where  the  data  did  not  correspond  or  when  the 
earlier  groups  exhibited  a  wide  scatter,  presumably  because  of  poorly  controlled  en¬ 
vironmental  factors,  only  the  groups  kept  in  the  incubator  were  used  for  the  intergroup 
analyses.  Records  were  kept  of  the  initial  and  final  rectal  temperatures  of  the  rats  in  the 
incubator  in  order  to  be  sure  that  body  temperature  was  being  kept  constant. 

The  following  hormone  preparations  were  used:  Cortisone  acetate  (Cortone  Acetate, 
Merck)  made  up  to  a  concentration  of  5  mg./ml.  of  saline  vehicle  and  administered  at  a 
dose  of  0.5  or  1.0  mg./day  for  maintenance  of  adrenalectomized  rats;  desoxycorticos- 
terone  acetate  in  oil,  5  mg./ml.;  cortisone  aldehj'de,  10  mg./'ml.  of  o%  dextrose;  cortico¬ 
tropin  (Wilson,  lot  #84364),  the  regular  commercial  preparation  at  a  concentration  of 
40  U.S.P.  units/ml.  of  phenol  water  and  assaying  1  unit/mg.;  oxycel  corticotropin 
(Wilson  lots  82002  and  86890).  These  were  special  preparations  of  corticotropin  which 
had  been  further  purified  on  oxycel  and  assayed  approximately  33  U.S.P.  units/mg. 
They  were  supplied  as  water  clear  solutions  containing  40  units,  ml.  of  phenol  water.  A 
supply  of  the  phenol  water  vehicle  was  obtained  from  the  manufacturer  for  use  in  a 
control  group  of  animals  to  establish  that  the  phenol  itself  had  no  influence  on  ketosis. 
Oxj’cel  purified  corticotropin  supplied  by  Dr.  E.  B.  Astwood  and  assaying  approximately 
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Table  1.  Acete  effects  of  corticotropin  and  cortisone  aldehyde  on  blood 

KETONES  IN  FASTED  UNANESTHETIZED  RATS 


Treatment 

No.  of 
rats 

Dose, 

units  tuK. 

Rluud  ketones,  iiik.  %  aeetonet 

P* 

Initial 

3.5  hours 

Difference 

Control 

19 

_ 

_ 

3.8910.36 

3. 8910. .30 

0.(K)10.19 

ACTH  (Wilson’s  Com.  84364) 

4 

0.4 

0.4 

4.0410.47 

4. .34 +  0.47 

0.. 3010. 27 

N.S. 

ACTH  (Wilson's  Com.  84364) 

6 

10 

10.0 

4.7210.81 

6.76  +  0.93 

+2.0510.57 

<.02 

ACTH  (Wilson’s  Com.  84364) 

14 

20 

20.0 

4. 1810. .32 

7.3610.32 

+3.1810.49 

<•01 

ACTH  (Wilson’s  Com.  84.364) 

6 

40 

40.0 

3.6310.35 

6.7010.76 

+3.07  +  0.51 

<.01 

ACTH  (Wilson’s— 82002)  Oxycel 

6 

1 

0.03 

2.9110.22 

3.2510.28 

+0..34  +  0.32 

N.S. 

ACTH  (Wilson’s— 82002)  Oxycel 

3 

10 

0.3 

3.1710.27 

2.8810.42 

-0.29  +  0.26 

N.S. 

.ACTH  (Wilson’s — 82002)  Oxycel 

6 

20 

0.6 

3.7710.43 

4.1710.53 

+0.4010.58 

N.S. 

ACTH  (VV'ilson’s — 86890)  Oxycel 

L5 

10 

0.3 

3.8310.31 

3.9.310.26 

+0.1010.23 

N.S. 

ACTH  (Wilson’s — 86890)  Oxycel 

6 

20 

0.6 

2.1810.26 

2.6710.23 

+0.4910.25 

N.S. 

AC'TH — Astwood — Oxycel 

4 

8.8 

0.11 

3.3410.47 

4.0610.70 

+0.7110.31 

N.S. 

AC’TH — Astwood — Oxycel 

4 

160 

2.0 

3.9910.49 

5.0210.46 

+1.0310.40 

N.S. 

ACTH — Astwood — Oxycel 

8 

240 

3.0 

4.7610.30 

9.5911.36 

+4.90+1.12 

<.01 

Cortisone  aldehyde 

6 

— 

1.0 

3.5210.32 

4.1910.36 

+0.6710.12 

<.01 

*  Compared  to  eorrenpoiidinK  control, 
t  Mean  ±  standard  error. 


80  U.S.P.  iniits/iii}c.  I’or  the  smallest  doses  used  1.5  mg.  of  the  Astwood  corticotropin 
was  suspended  in  5.0  ml.  of  jihenol  water,  brought  into  solution  with  O.l  N  HCl  and 
adjusted  to  pH  8.0  with  0.1  N  NaOH.  For  the  larger  doses  the  hormone  was  dissolved  at 
concentrations  of  2  and  3  mg.  respectively  in  0.25  ml.  of  jihenol  water  and  adjusted  to 
j)H  5.5.  with  0.1  N  HCl.  At  higher  pH  levels  the  hormone  began  to  come  out  of  solution. 

UIOSUL'IS 

Unanesthetized  rats.  Table  1  records  the  acute  effects  of  the  several  dif¬ 
ferent  corticotropin  preparations  and  of  cortisone  aldehyde  on  fasting  keto¬ 
sis  in  unanesthetized  rats.  The  corticotropin  was  injected  intraperitoneally 
in  doses  ranging  between  0.08  and  40  mg.  (0.4  to  240  U.S.P.  units  depend¬ 
ing  on  the  preparation),  and  the  cortisone  aldehyde  at  a  dose  of  1  mg. 
Blood  samples  were  taken  prior  to  and  at  3.5  hours  after  injection. 

The  control  group  showed  no  change  in  blood  ketones  in  3.5  hours.  Corti¬ 
cotropin  stimulated  ketosis  only  when  injected  in  comparatively  large 
doses.  The  minimal  effective  dose  tested  was  10  mg.  (10  units)  of  Wilson’s 
commercial  corticotropin  and  3  mg.  (240  units)  of  the  Astwood  oxycel  cor¬ 
ticotropin.  No  dose  of  either  of  the  Wilson  oxycel  corticotropins  tested  was 
active,  but  the  maximal  dose  which  could  be  used  conveniently  without  in¬ 
jecting  undue  volumes  of  solution  was  0.6  mg.  (20  units).  It  is  apparent 
from  these  results  that  there  is  no  correlation  between  the  doses  of  corti¬ 
cotropin  in  U.S.P.  units  and  in  milligrams  and  the  response  with  respect 
to  ketonemia.  .\fter  cortisone  aldehyde  there  was  a  small,  but  statistically 
significant  increase  in  ketones.  It  is  questionable,  however,  whether  an  in¬ 
crease  of  this  magnitude  has  biological  significance. 

Anesthetized  rats.  As  can  be  seen  in  Table  2,  the  response  of  the  rat  an¬ 
esthetized  with  nembutal  is  quite  different  from  that  of  the  unanesthetized 
animal  and  is  characterized  by  a  marked  increase  in  sensitivity  to  the  keto- 
genic  hormone.  Furthermore,  nembutal  anesthesia  per  se  is  associated  with 
some  stimulation  of  ketosis  as  is  apparent  in  the  3.5  hour  rise  of  2.66  +0.28 
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Table  2.  Acute  effects  of  corticotropin  and  cortisone  aldehyde  on  blood 

KETONES  IN  FASTED  ANESTHETIZED  RATS 


Treatment 

No.  of 
rats 

Dose  of 
ACTH, 
units  mg. 

Blood  ketones,  mgm.  %  acetonet 

P* 

Initial 

3.5  hours 

Difiference 

Control 

19 

_ 

_ 

4.78±0.44 

7.4410.61 

+2.6610.28 

— 

ACTH  (Wilson  Com.  84364) 

9 

0.1 

0.1 

4.36±0.28 

8.2410.52 

+3.8810.44 

<.05 

ACTH  (Wilson  Com.  84364) 

12 

0.4 

0.4 

3.92±0.39 

7.7910.66 

+3.8710.46 

<.05 

ACTH  (Wilson  Com.  84364) 

7 

10.0 

10.0 

4.4410.68 

10.7811.66 

+5.9710.67 

<.01 

ACTH  (Wilson— 82002)  Oxycel 

8 

10.0 

0.3 

4.1110.91 

9.0211.45 

+4.9110.69 

<.01 

ACTH  (Wilson — 82002)  Oxycel 

6 

20.0 

0.6 

3.3810.25 

8.8610.42 

+5.3510.26 

<.01 

ACTH  (Wilson— 86890)  Oxycel 

6 

0.1 

0.003 

3.3510.28 

6.3210'.93 

+2.9810.70 

N.S. 

ACTH  (Wilson— 86890)  Oxycel 

7 

1.0 

0.03 

3.7710.44 

11.2911.01 

+7.5211.12 

<.01 

ACTH  (Wilson— 86890)  Oxycel 

32 

10.0 

0.3 

4.3610.24 

10.8110.80 

+6.8510.64 

<.01 

ACTH — Astwood — Oxycel 

3 

0.2 

0.003 

4.2010.33 

6.3110.95 

+2.1110.62 

N.S. 

ACTH — Astwood — Oxycel 

3 

2.4 

0.03 

4.3611.44 

10.0812.01 

+5.7310.63 

<.01 

ACTH — Astwood — Oxycel 

4 

4.8 

0.06 

4.3710.67 

12.7611.37 

+8.3911.05 

<.01 

Cortisone  Aldehyde 

12 

— 

1.0 

3.6910.36 

5.8710.54 

+2.1810.30 

N.S. 

*  Compar<>d  to  control, 
t  Mean  ±  S.E. 


mg.  %  in  the  control  animals.  This  reaction  does  not  appear  to  be  unique 
for  nembutal  anesthesia  as  it  has  been  observed  in  rats  anesthetized  with 
other  agents  (Engel  and  Engel,  1954b).  Although  the  mechanism  of  this 
response  is  still  obscure,  it  has  served  the  useful  purpose  of  simplifying  the 
comparison  of  the  ketogenic  activity  of  different  pituitary  hormone  prep¬ 
arations. 

All  samples  of  corticotropin  tested  were  active  in  causing  a  significant 
ketosis  in  3.5  hours  with  the  minimum  effective  dose  tested  in  each  case 
being  0.1  mg.  (0.1  unit)  for  commercial  corticotropin,  0.03  mg.  (1.0  unit) 
for  Wilson’s  oxycel  corticotropin  and  0.03  mg.  (2.4  unit)  for  the  Astwood 
oxycel  corticotropin.  The  Wilson  and  Astwood  oxycel  corticotropins  thus 
appeared  to  be  equivalent  in  ketogenic  activity  but  not  in  corticotrophic 
activity,  although  this  conclusion  must  be  tempered  by  the  variability 
which  may  exist  in  the  corticotropin  assay.  In  any  case,  the  dose  of  oxycel 
corticotropin  which  was  ketogenic  was  exceeding  small  and  according  to 
the  reports  in  the  literature  (Bennett  et  al.,  1948)  as  well  as  our  own  ex¬ 
perience  considerably  less  than  the  effective  ketogenic  dose  of  growth  hor¬ 
mone.  Cortisone  aldehyde  in  these  experiments  had  no  effect  on  ketonemia. 

Further  experiments  demonstrated  that  when  it  occurs  the  ketogenic 
response  to  corticotropin  is  exceedingly  rapid,  being  already  well  estab¬ 
lished  30  minutes  after  the  injection  of  the  hormone  into  anesthetized  rats 
(Fig.  1). 

Blood  sugar  changes.  Figure  2  records  data  on  the  blood  sugar  changes  in 
corticotropin  treated  rats.  In  the  control  anesthetized  rat  there  is  an  im¬ 
mediate  rise  in  the  blood  sugar  at  30  minutes  followed  by  a  gradual  fall 
towards  the  starting  level  by  3.5  hours.  The  rats  receiving  0.3  mg.  oxycel 
corticotropin  (Wilson)  exhibited  much  less  blood  sugar  rise  at  30  minutes 
while  at  60  minutes  the  blood  sugar  levels  were  distinctly  depressed  and 
had  not  yet  returned  to  normal  by  3.5  hours.  The  unanesthetized  rats 
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Fig.  1.  Immediate  effect  of  an  intraperitoneal  injection  of  Wilson’s  commercial  and 
oxycel  purified  corticotropin  on  blood  ketone  levels  of  24  hour  fasted  rats  anesthetized 
with  nembutal. 

showed  a  sustained  rise  in  blood  sugar  on  bleeding  and  this  was  not  modi¬ 
fied  by  0.3  mg.  of  Wilson  oxycel  corticotropin  which,  it  will  be  recalled 
(Table  1)  did  not  effect  ketosis.  Injection  of  20  units  (20.0  mg.)  of  Wilson’s 
commercial  corticotropin,  which  induced  ketonemia  in  the  unanesthetized 
rat,  was  followed  by  an  immediate  brisk  rise  in  blood  sugar  at  30  minutes, 
which  then  rapidly  declined  towards  but  never  below  the  initial  value.  It 
should  be  noted  that  the  injection  of  large  doses  of  this  particular  hormone 
was  associated  with  definite  evidences  of  distress  in  the  normal  rats  and 
with  collapse  and  death  in  adrenalectomized  rats.  The  data  of  Figures  1 
and  2  clearly  show  that  neither  a  fall  in  blood  sugar  nor  hypoglycemia  per 
se  is  a  necessary  prerequisite  to  ketosis.  Indeed,  the  ketone  change  preceded 
the  blood  sugar  fall.  Nevertheless  in  many  studies  there  was  an  exceedingly 
good  correlation  between  the  fall  in  blood  sugar  and  the  rise  in  blood  ke¬ 
tones.  This  is  shown  in  a  striking  fashion  in  Figure  3  which  is  a  scattergram 
of  the  blood  sugar  and  ketone  changes  at  3.5  hours  in  unanesthetized  rats 
receiving  varying  doses  of  Astwood  oxycel  corticotropin.  In  general,  the 
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I’m.  2.  Immediate  effects  on  tlie  blood  sugar  of  an  intraperitoneal  injection  of  corti¬ 
cotropin  in  24  hour  fasted  anesthetized  and  unanesthetized  rats.  The  oxycel  cortico¬ 
tropin  was  a  Wilson  preparation  injected  at  a  dose  of  0.3  mg.  (10  U.S.P.  units).  The 
dose  of  the  commercial  corticotropin  in  unanesthetized  rats  was  20  mg.  (20  U.S.P. 
units). 

correlation  was  good  regardless  of  dosage  for  the  occasional  large  dose  of 
corticotropin  which  failed  to  cause  ketosis  also  did  not  lower  the  blood 
sugar. 

Anesthetized,  adrenalectomized  rats.  A  final  series  of  experiments  was 
performed  on  cortisone  and  DCA  maintained  adrenalectomized  rats  in 
order  to  determine  whether  or  not  the  ketogenic  response  to  oxycel  cortico¬ 
tropin  (Wilson)  was  mediated  by  its  adrenocorticotrophic  action  and  if  not 
whether  its  occurrence  was  dependent  on  the  presence  of  adrenal  steroids. 
Compared  to  normal  rats  under  nembutal  anesthesia  the  adrenalectomized 
rats  receiving  either  0.5  or  1.0  mg.  of  cortisone  acetate  or  0.5  mg.  of  DCA 
daily  for  3  days  all  showed  less  ketosis  during  the  3^  hour  period  (Table  3). 
This  contrasts  with  the  normal  and  greater  than  normal  ketosis  respec¬ 
tively  in  fasting  cortisone  and  DCA  maintained  unanesthetized  adrenal¬ 
ectomized  rats  (Engel  and  Engel,  1954a).  The  difference  no  doubt  relates 
to  the  greater  tendency  of  the  adrenalectomized  animal  to  develop  respira¬ 
tor}’  obstruction  with  hypoxia  and  peripheral  circulatory  failure  when  un- 
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Fig.  3.  Relationship  between  blood  ketone  and  suKar  changes  in  3^  hours  in  un¬ 
anesthetized  rats  receiving  varying  doses  of  Astwood  oxycel  corticotroiiin  intraperi- 
toneally. 


der  barbiturate  anesthesia  with  consequent  suppression  of  ketosis  (Engel 
and  Hewson,  1953).  Both  the  cortisone  and  the  DC  A  maintained  rats  ex¬ 
hibited  significant  ketosis  (p<.01)  after  treatment  with  oxycel  cortico¬ 
tropin,  but  a  considerably  larger  dose  of  hormone  was  required  than  in  the 
normal  animal.  0.3  mg.  (10  units)  was  ineffectual  while  0.6  mg.  (20  units) 


Table  3.  Acute  effects  of  corticotropin t  on  blood  ketones  and  sugars  in 

FASTED  ANESTHETIZED  ADREN ALECTOMIZED  RATS 


Treatment 

No.  of 
rats 

Dose  of 
ACTH, 
units  mg. 

Blood  ketones,  Mg.  %  acetone® 

P* 

Initial 

3.5  hours 

Difference 

A.  Adrx — 0.5  niffm.  Cortisone 

17 

_ 

_ 

3.84±0.24® 

5.5410.49 

+1.7010.36 

_ 

B.  Adrx — 0.5  mgm.  Cortisone 

13 

10 

0.3 

4.02±0.41 

6.66  +  0.80 

+2.6410.56 

N.S. 

C.  Adrx — 0.5  nigm.  Cortisone 

18 

20 

0.6 

3.9610.28 

8.9110.71 

+4.9610.51 

<.01 

D.  Adrx — 1.0  mgm.  Cortisone 

8 

— 

— 

3.7910.34 

4.8610.55 

+  1 .0710.29 

— 

E.  Adrx — 1 .0  mgnt.  Cortisone 

13 

20 

0.6 

3.8210.39 

8.3710.80 

+4.5210.55 

<.01 

F.  Adrx — 0.5  mg.  DCA 

17 

— 

— 

4.7810.22 

6.6110.41 

+1.8310.35 

— 

G.  .\drx — 0.5  mg.  DC.A 

10 

20 

0.6 

4.0710.28 

7.1710.44 

+3.1010.36 

<.01 

Blood  Sugar,  Mgm.  % 

A 

14 

_ 

_ 

7811.6 

7012.2 

-  812.6 

— 

B 

3 

10 

0.3 

7815.6 

5414.5 

-2411.1 

<.01 

C 

19 

20 

0.6 

71  +  2.2 

4911.7 

-2211.5 

<.01 

n 

4 

— 

— 

6314.3 

5812.1 

-  513.1 

— 

E 

7 

20 

0.6 

7414.7 

5313.5 

-2114.8 

<.01 

F 

6 

— 

— 

6913.1 

5613.9 

-1312.6 

— 

o 

10 

20 

0.6 

6312.6 

4912.6 

-1413.7 

N.S. 

°  Mean  ±  Standard  Error. 

♦  Compared  to  corresponding  control, 
t  Oxycel  Corticotropin  (Wilson — 86890). 
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induced  a  significant  increase  in  adrenalectomized  rats.  This  compares  to 
the  minimal  effective  dose  of  0.03  mg.  in  intact  rats.  Nevertheless,  it  is  still 
apparent  from  these  experiments  that  the  ketogenic  response  is  not  de¬ 
pendent  on  the  presence  of  the  adrenal  cortex  or  of  adrenal  hormone. 

All  cortisone-maintained  adrenalectomized  rats  receiving  0.6  mg.  oxycel 
corticotropin  showed  a  significant  fall  in  blood  sugar  compared  to  their 
corresponding  controls.  Blood  sugars  were  measured  in.only  3  rats  receiving 
0.3  mg.  oxycel  corticotropin,  a  dose  which  did  not  induce  ketosis.  The  fall 
in  these  3  animals  was  the  same  as  in  previous  groups.  In  the  DCA  treated 
rats  there  was  no  difference  in  blood  sugar  fall  between  the  controls  and  the 
corticotropin  treated  animals. 


DISCUSSION 

The  data  outlined  in  this  report  as  well  as  others  to  be  published  empha¬ 
size  some  of  the  difficulties  and  pitfalls  in  the  study  of  ketosis  in  the  rat. 
The  results,  nevertheless  help  considerably  in  reconciling  some  of  the  con¬ 
tradictions  in  the  literature  as  well  as  in  our  own  experience.  It  is  apparent 
that  certain  preparations  of  corticotropin  will  induce  ketosis  in  either  un¬ 
anesthetized  or  anesthetized  rats  while  others  will  do  so  only  in  anesthe¬ 
tized  rats.  In  the  study  of  Bennett  et  al.  (1948a, b)  in  which  ketosis  was  de¬ 
scribed  after  ACTH  the  rats  were  anesthetized  with  evipal.  Bondy  and 
^^'ilhelmi  (1950),  who  found  no  ketonemic  response  to  corticotropin,  used 
unanesthetized  rats.  Segaloff  and  Many  (1951)  recorded  ketonuria  after  ad¬ 
ministering  20-40  units  of  ACTH  to  unanesthetized  phloridzinized  rats 
but  noted  that  the  same  preparation  of  ACTH  proved  lethal  to  adrenal¬ 
ectomized  rats.  The  response  in  this  case  might  correspond  to  our  own  re¬ 
sults  with  Wilson’s  commercial  corticotropin.  The  present  study  has  thus 
reproduced  all  these  experiences.  The  report  of  Kinsell  ct  al.  (1951)  showing 
a  suppression  of  fasting  ketosis  in  normal  humans  who  were  receiving 
ACTH  by  prolonged  continuous  infusion  is  understandable  in  terms  of  the 
intense  stimulation  of  adrenal  steroid  secretion  which  is  to  be  expected 
under  these  circumstances,  since  he  and  ourselves  have  shown  that  corti¬ 
sone  and  hydrocortisone  inhibit  fasting  ketosis.  The  experimental  condi¬ 
tions  in  Kinsell’s  study  contrast  to  those  of  the  present  investigation  in 
which  the  corticotropin  was  administered  as  a  single  large  intraperitoneal 
injection,  a  technique  less  conducive  to  the  stimulation  of  a  brisk  and  sus¬ 
tained  adrenal  cortical  secretory  response. 

These  studies  also  demonstrate  clearly  that  the  ketogenic  response  to 
corticotropin,  when  it  occurs,  is  not  mediated  through  the  adrenal  cortex 
since  it  persists,  albeit  to  a  lesser  degree,  in  the  adrenalectomized  rat.  Nor 
does  it  seem  to  be  dependent  on  the  presence  of  1 1  oxy  steroids,  judging 
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from  the  respomse  of  the  DCA  maintained  adrenalectomized  rat.  It  cannot 
be  determined  from  these  experiments  whether  the  fact  that  twenty  times 
as  much  corticotropin  is  required  to  elicit  ketosis  in  adrenalectomized  rats 
is  indicative  of  a  lesser  sensitivity  of  these  rats  because  of  adrenal  insuffi¬ 
ciency  per  se  or  because  of  some  degree  of  peripheral  circulatory  failure 
secondary  to  nembutal  anesthesia. 

Further  evidence  against  the  ketogenic  response  to  corticotropin  being 
mediated  by  the  adrenal  cortex  is  found  in  the  fact  that  the  ketonemia  is 
already  well  established  one-half  hour  after  injection,  an  unusually  rapid 
metabolic  response  for  the  pituitary-adrenal  axis.  And  finally,  cortisone 
aldehyde,  a  water  soluble,  rapidly  absorbed  cortisone  preparation  did  not 
produce  a  comparable  response.  This  finding,  of  course,  is  not  surprising  in 
light  of  our  previous  experience  with  cortisone  and  hydrocortisone  in  fast¬ 
ing  ketosis  (Scott  and  Engel,  1953,  Engel  and  Engel,  1954a). 

Recently  a  number  of  reports  have  been  published  from  the  laboratory 
of  E.  B.  Astwood  (Astwood,  Raben,  Payne  and  Grady,  1951 ;  Astwood, 
Raben,  Rosenberg  and  Westermeyer,  1953;  Rosenberg,  1953;  and  Wester- 
meyer  and  Raben,  1954)  concerning  the  metabolic  effects  of  an  oxycel- 
purified  corticotropin  in  the  mouse.  Although  the  oxycel  corticotropin 
originally  used  in  our  experiments  was  acquired  from  a  different  source 
(Wilson  Laboratories)  subsequent  results  with  the  preparation  supplied 
by  Dr.  Astwood  indicate  that  we  are  dealing  with  similar  preparations. 
Astwood’s  group  has  found  their  material  to  be  highly  potent  in  adipoki- 
netic  activity,  hypoglycemic  activity  and  in  producing  acetonuria  in  the 
fasted  mouse  and  in  lowering  the  R.Q.  in  the  fed  mouse.  All  these  effects 
persisted  in  the  cortisone  maintained  adrenalectomized  mouse  while  the 
blood-sugar  lowering  effect  also  took  place  in  the  saline  maintained  adre¬ 
nalectomized  mouse.  In  our  study  the  ketonemic  response  was  still  demon¬ 
strable  in  the  DCA  maintained  adrenalectomized  rat.  Hypoglycemia  also 
occurred,  but  this  was  not  easily  interpreted  in  light  of  the  comparable  fall 
in  the  DCA  control  under  nembutal  anesthesia.  It  is  noteworthy  that  the 
time  of  response  and  the  size  of  the  dose  of  oxycel  corticotropin  necessary 
to  produce  ketosis  in  rats  in  our  experiments  were  comparable  to  those  of 
Astwood  in  mice.  In  both  cases  the  oxycel  corticotropin  appeared  to  be 
activ'e  at  a  considerably  lower  dose  level  than  that  of  the  less  purified  cor¬ 
ticotropin  preparations  or  purified  growth  hormone.  Under  conditions  com¬ 
parable  to  those  in  the  present  study  we  have  found  the  minimum  effective 
dose  of  several  different  growth  hormone  preparations  to  range  between 
0.2-5  mg.  in  anesthetized  rats.  Whether  the  same  principle  is  active  in  oxycel 
corticotropin  and  in  growth  hormone  remains  to  be  established.  The  com¬ 
plete  lack  of  correlation  between  the  dose  of  corticotropin  in  milligrams 
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versus  that  in  U.S.P.  units  stronKlj-^  suggests  that  the  ketogenic  effect  is  not 
a  function  of  tlie  same  molecular  configuration  responsible  for  ascorbic  acid 
depletion  of  the  adrenal  cortex. 

The  finding  of  a  number  of  metabolic  activities  obviously  not  mediated 
through  the  adrenal  cortex  in  a  hormone  preparation  which. was  previously 
assumed  to  act  only  through  its  target  gland  was  unexpected  until  the  di¬ 
vergent  effects  of  cortisone  and  corticotropin  on  ketosis *were  noted.  At  that 
time  the  suspicion  was  born  that  the  effects  of  corticotropin  on  ketosis 
might  represent  the  response  to  a  non-corticotropic  activity  in  the  hor¬ 
mone  preparation.  This  was  borne  out  bj"^  the  results  in  adrenalectomized 
rats,  the  lack  of  correspondence  between  the  response  and  the  dose  in  units 
of  ACTH  activity  and  subsequently  by  the  published  reports  of  Astwood 
and  coworkers.  Further  significance  is  attached  to  the  results  by  the  com¬ 
parable  finding  of  Ingle,  Nezamis,  Alorley  and  Li  (1953)  that  certain  highly 
purified  preparations  of  corticotropin  at  low  dosage  improved  the  work 
performance  of  adrenalectomized-hypophysectomized  rats  if  they  were 
maintained  with  adrenal  cortical  extract. 

In  our  experiments,  the  possibilitj'  is  not  ruled  out  that  the  effects  on 
ketonemia  and  glycemia  are  mediated  by  the  endogenous  secretion  of  a 
pituitary  metabolic  factor  in  the  injected  animal.  The  observations  of 
Ingle  above  as  well  as  those  of  Astwood  et  al.  (1953)  in  hypophysectomized 
rats  suggest  that  this  is  not  the  case. 

The  present  studies  throw  no  new  light  on  the  mechanism  by  which  the 
pituitary  factor  induces  ketosis.  The  fall  in  blood  sugar  in  association  with 
the  ketonemia  is  a  provocative  finding,  as  already  commented  upon  by 
Lotspeich  and  Petersen  (1954)  in  their  studies  on  growth  hormone.  Al¬ 
though  there  often  was  a  good  correlation  between  these  two  phenomena 
the  ketonemia  preceded  the  fall  in  blood  sugar  and  sometimes  even  oc¬ 
curred  in  the  absence  of  a  blood  sugar  fall.  This  suggests  that  the  blood  sugar 
changes  are  not  a  reflection  of  metabolic  changes  playing  a  causal  role  in 
ketosis. 

Further  information  is  needed  and  is  currently  being  sought  in  this  lab¬ 
oratory  concerning  the  mechanism  by  which  nembutal  anesthesia  so 
markedly  increases  the  sensitivity  of  the  rat  to  the  ketogenic  effect  of  pi¬ 
tuitary  extracts.  The  magnitude  of  this  sensitization  is  most  apparent  in 
the  experiments  with  Astwood  oxycel  corticotropin  where  the  minimal  ef¬ 
fective  dose  in  unanesthetized  rats  was  one  hundred  times  that  in  the 
anesthetized  animal.  Factors  which  are  being  considered  include:  (1)  A 
direct  effect  of  the  anesthetic  on  the  liver  metabolism  of  acetate  favoring 
ketogenesis.  (2)  Supression  of  epinephrine  discharge  secondary  to  handling 
and  bleeding.  Observations  in  this  laboratory  have  shown  that  injection  of 
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epinephrine  lowers  blood  ketone  levels  in  the  rat.  (3)  A  decrease  in  the  rate 
of  peripheral  utilization  of  ketone  bodies  by  the  resting  muscle  of  the  an¬ 
esthetized  rat. 

SUMMARY 

1.  Blood  ketone  and  sugar  levels  were  measured  for  3.5  hours  after  in- 
traperitoneal  injection  of  several  different  preparations  of  corticotropin 
and  of  cortisone  aldehyde  into  24  hour  fasted  normal  and  adrenalecto- 
mized  rats,  with  and  without  nembutal  anesthesia. 

2.  In  unanesthetized  rats,  only  comparativ^ely  large  doses  of  corticotro¬ 
pin  induced  ketonemia  (10-40  U.S.P.  units  in  the  case  of  Wilson’s  commer¬ 
cial  corticotropin  and  3  mg.  or  240  units  in  the  case  of  Astwood  oxycel  cor¬ 
ticotropin).  There  was  no  correlation  between  ketogenic  and  ACTH  ac¬ 
tivity  per  se  since  10-20  U.S.P.  units  of  another  oxycel  purified  cortico¬ 
tropin,  weighing  0.3-0. 6  mg.  had  no  ketogenic  activity.  Cortisone  aldehyde 
did  not  influence  blood  ketones  in  unanesthetized  rats. 

3.  In  anesthetized  rats  all  samples  of  corticotropin  tested  were  ketogenic, 
some  in  minute  doses,  i.e.  30  micrograms  (1  U.S.P.  unit  of  Wilson  oxycel 
purified  corticotropin  and  2.4  U.S.P.  units  of  Astwood  oxycel  purified  cor¬ 
ticotropin).  Ketonemia  was  well  established  within  30  minutes  of  injection. 
Cortisone  aldehyde  had  no  appreciable  effect  on  ketonemia  in  3.5  hours. 

4.  The  ketogenic  response  to  oxycel  purified  corticotropin  was  associated 
with  a  concurrent  fall  in  blood  sugar,  beginning  in  about  60  minutes  while 
that  after  commercial  corticotropin  (Wilson)  was  not.  In  the  former  cases 
there  was  a  good  correlation  between  the  rise  in  ketones  and  the  fall  in 
blood  sugar. 

5.  The  ketogenic  response  to  oxycel  purified  corticotropin  persisted  in 
DCA  or  cortisone  maintained  adrenalectomized  rats,  although  twenty 
times  more  hormone  than  in  normal  rats  was  necessary  to  elicit  it  in  the 
absence  of  the  adrenal. 

6.  Ketonemia  in  the  adrenalectomized  rats  was  associated,  in  general, 
with  a  fall  in  blood  sugar. 

7.  The  ketogenic  response  to  corticotropin  is  interpreted  as  an  extra¬ 
adrenal  response.  It  appears  to  be  independent  of  ACTH  activity  per  se, 
as  expressed  in  units  by  the  adrenal  ascorbic  acid  depletion  method,  and 
hence  presumably  represents  a  separate  principle. 

8.  The  relationship  between  these  results  and  the  previous  contradictory 
reports  in  the  literature  on  the  effect  of  corticotropin  on  ketone  metabolism 
is  discussed. 
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CYTOLOGIC  ALTERATIONS  IN  THE  ANTERIOR 
PITUITARY  GLAND  FOLLOWING  THYROID¬ 
ECTOMY:  AN  ELECTRON 
MICROSCOPE  STUDY' 

MARILYN  GIST  FARQUHAR  and  JAMES  F.  RINEHART' 

Department  of  Pathology,  University  of  California  School  of  Medicine, 

San  Francisco,  California 

INTRODUCTION 

IN  THE  course  of  a  detailed  study  of  the  cytology  of  the  anterior  pitui¬ 
tary  gland  as  revealed  by  electron  microscopy,  a  series  of  rats  were  sub¬ 
jected  to  thyroidectomy.  It  soon  became  evident  that  alterations  of  a  dis¬ 
tinctive  character  occurred  in  certain  of  the  basophils  which  served  to  dis¬ 
tinguish  them  from  the  basophils  stimulated  by  gonadectomy.  The  charac¬ 
teristic  fine  structural  alterations  which  occur  following  gonadectomy  have 
been  described  in  detail  (Farquhar  and  Rinehart,  1954).  Examination  of 
the  early  response  to  thyroidectomy  has  enabled  us  to  recognize  the  un- 
stimulated  thyrotrophic  cell  in  the  normal  animal.  It  is  the  purpose  of  this 
report  to  indicate  the  fine  structural  organization  of  this  cell  and  its  re¬ 
sponse  to  thyroidectomy  as  well  as  to  contrast  it  with  the  gonadotroph  of 
the  normal  animal  and  the  castrate.  The  studies  of  Purves  and  Griesbach 
(1951a,  b)  and  Halmi  (1950  and  1952)  have  served  importantly  as  guides 
in  our  recognition  of  the  thyrotroph.  These  authors  have  shown  that  two 
basophils  of  the  anterior  pituitary  of  the  rat  can  be  distinguished  on  the 
basis  of  differences  in  form,  position  and  staining  properties.  Thyrotrophic 
cells  were  found  to  be  angular  and  concentrated  chiefly  in  the  central  areas 
of  the  gland;  they  were  usually  not  located  on  the  portal  vessels  or  sinu¬ 
soids.  Gonadotrophic  cells,  on  the  other  hand,  were  rounded,  chiefly  present 
in  the  peripheral  segments  of  the  gland  and  typically  aggregated  along 
blood  vessels.  Both  cells  were  stained  with  the  periodic  acid-Schiff  tech¬ 
nique,  while  only  the  thyrotrophic  cell  was  stained  with  aldehyde-fuchsin.^ 
With  the  electron  microscope  we  have  been  able  to  distinguish  these  cells 
on  morphologic  features  alone.  Thus,  our  observations  support  the  concept 
of  Purves  and  Griesbach  and  Halmi  that  gonadotrophs  (delta  cells)  and 
thyrotrophs  (beta  cells)  are  separate  cell  types. 
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MATERIALS  A\D  METHODS 

Observations  were  made  on  the  pituitaries  of  normal  male  and  female  rats  of  the 
Sprague-Dawley  strain  and  on  males  which  had  been  thyroidectomized  at  60  days  of 
age  and  sacrificed  at  intervals  of  5.  10,  20  and  35  days  after  operation. 

As  the  result  of  the  application  of  improved  techniques,  our  current  electron  micro¬ 
graphs  are  superior  to  those  previously  illustrated  (Rinehart  and  FaKjuhar,  1953;  Far- 
quhar  and  Rinehart,  1954).  The  chief  factors  in  improved  techniques  are:  1)  the  api)lica- 
tion  of  shorter  fixation  and  dehydration  times  as  suggested  by’Palade  (personal  com¬ 
munication);  2)  the  use  of  the  Servall  microtome,  adaj)ted  after  the  design  of  Porter  and 
Blum  (1953),  for  thin  sectioning.  Further  details  of  technical  procedures  are  recorded 
elsewhere  (Rinehart  and  Farquhar,  1954). 

OBSER\  ATIOXS 

Thyrotrophs  and  Gonadotrophs  of  the  Normal  Rat  Pituitary 

As  observed  by  Purves  and  Griesbach,  and  Halmi,  we  find  the  tliyro- 
trophs  in  the  normal  rat  pituitary  to  be  angular  and  not  usually  located  on 
a  sinusoid.  The  cytoplasm  contains  variable  numbers  of  fine,  ill  defined 
secretory  granules  (maximal  diameter +  140  niju)  (Fig.  2).  The  gonado¬ 
trophs  are  rounded,  typically  located  on  a  sinusoid  or  larger  portal  vessel 
and  contain  somewhat  larger,  denser  rounded  granules  (maximal  diame¬ 
ter  ±200  mp)  (Fig.  1).  Both  cell  types  have  rounded  nuclei  with  one  or 
several  nucleoli  and  show  variable  numbers  of  ovoid  vesicles  in  the  cyto¬ 
plasm  in  addition  to  the  usual  cytoplasmic  constituents,  i.e.,  mitochondria, 
small  fluid  droplets  or  vesicles,  tiny  particles  (Palade,  1953)  and  occasional 
canalicular  structures  of  the  endoplasmic  reticulum  (ergastoplasm). 

Thyroidectomy  Basophils  vs.  Castration  Basophils 

Following  thyroidectomy  or  gonadectomy  these  two  types  of  basophils 
show  additional  differences  in  fine  structure  which  serve  to  distinguish 


Explan.\tion  of  Figs.  1-2 


Fig.  1.  (Jonadotroph  from  the  jiituitary  of  a  normal  70  day  ohl  male  rat.  This  cell 
has  rounded  contours  and  contains  an  ovoid  nucleus  with  portions  of  two  nucleoli.  The 
gonadotroph  cytoplasm  is  seen  to  contain  many  dense,  rounded  secretory  granules 
(maximal  diameter,  +200  /i)  and  a  few  mitochondria  which  have  a  relatively  dense 
background  matrix.  Numerous  vesicles  of  varied  sizes  are  also  present  in  the  cytojilasm. 
These  vesicles  exhibit  a  light  though  definite  density.  X  10,800. 

Fig.  2.  Thyrotroph  from  the  pituitary  of  a  normal  60  day  old  male  rat.  This  cell  may 
be  contrasted  with  the  gonadotroph  above.  It  also  contains  an  ovoid  nucleus  with  a 
nucleolus  and  cytoplasmic  granules  and  vesicles.  However,  it  is  more  elongated  and,  on 
the  left,  shows  a  cytoplasmic  indentation.  In  addition,  there  are  fewer  secretory  granules, 
and  the  granules  are  smaller  (maximal  diameter,  +  140  ju)  than  those  of  the  gonadotroph. 
X8100. 
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them.  The  distinguishing  features  include  differences  in  shape,  grouping, 
vesicle  size,  granule  content,  form  and  density  of  the  mitochondria  and 
components  of  the  Golgi  apparatus,  as  indicated  below: 

As  early  as  5  days  following  thyroidectomy,  increased  numbers  of  vesicu- 
lated  basophils  are  seen  in  the  anterior  pituitary  gland.  These  “thyroidec¬ 
tomy  cells”  usually  maintain  an  angular  shape,  are  often  grouped  together 
and  are  usually  not  found  adjacent  to  sinusoids  (Figs.  4-8). 

Perhaps  the  most  striking  features  distinguishing  thyroidectomy  cells 
are  related  to  the  size  and  appearance  of  the  cytoplasmic  vesicles.  In  ovari- 
ectomized  rats  we  are  able  to  estimate  the  postoperative  period  by  the  size 
of  the  vesicles  in  the  stimulated  pituitary  basophils.  The  vesicles  of  the 
castration  cell  do  not  vary  much  in  size  within  the  cell  (Fig.  3),  from  cell  to 
cell  or  in  cells  of  different  glands.  The  average  vesicle  size  is  small  in  early 
castrates  and  later  gradually  increases  by  a  coalescence  of  smaller  vesicles 
into  larger,  more  irregular  units.  On  the  other  hand,  the  vesicles  of  thyroid¬ 
ectomy  cells  are  in  general  of  a  larger  size  for  a  given  period  following  opera¬ 
tion.  The  size  is  also  much  more  variable  both  within  the  same  cell  (Figs. 
4,  6,  8)  and  from  cell  to  cell  (Figs.  5  and  6;  7  and  8).  While  one  thyroidec¬ 
tomy  basophil  may  contain  small  vesicles,  a  neighboring  cell  may  contain 
quite  large  vesicles  or  a  mixture  of  large  and  small  vesicles. 

Another  feature  which  makes  the  picture  so  different  following  thyroid¬ 
ectomy  is  the  difference  in  the  degree  of  the  thyroidectomy  changes  from 
gland  to  gland,  presumably  associated  with  the  amount  of  thyroid  tissue 
which  was  left  at  operation.  An  estimate  of  the  remaining,  functioning  thj'- 


Explanation  of  Figs.  3-4 


Fig.  3.  Castration  basophil  from  a  20  day  castrate.  This  stimulated  gonadotroph  is 
larger  than  those  of  the  normal  animal.  It  retains  its  rounded  contours.  The  cytoplasm 
contains  some  secretory  granules  and  many  vesicles  which  are  relativel}’  uniform  in  size. 
The  Golgi  apparatus  (ga)  occupies  the  portion  of  the  cytoplasm  to  the  right  of  the 
nucleus.  It  is  represented  chiefly  by  a  beadlike  chain  of  clear  vacuoles  with  associated 
denser  lamellar  structures.  The  mitochondria  are  concentrated  in  the  Golgi  zone.  A  few 
long  filamentous  mitochondria  (m)  are  seen  along  with  the  more  numerous  short  rods. 
The  background  matrix  of  the  mitochondria  is  relatively  dense.  X7200. 

Fig.  4.  Thyroidectomj’  basophil  from  a  pituitary  5  days  after  thyroidectomj'.  This 
cell  shows  the  irregular  contour  which  characterizes  thyrotrophic  basophils.  In  contrast 
to  the  castration  basophil  above,  the  cytoplasm  contains  very  few  secretory  granules, 
and  the  vesicles,  even  at  this  early  stage,  are  seen  to  vary  considerably  in  size.  A  large 
Golgi  apparatus  is  seen  to  the  right  of  the  nucleus.  It  consists  of  a  differentiated  zone  of 
cj'toplasm  outlined  by  electron-dense  lamellar  structures  (1)  and  closely  associated 
vacuoles  (vac)  with  a  very  low  electron-scattering  power.  The  mitochondria  have  a 
lighter  background  matrix  than  those  of  the  castration  basophil  abov'e.  In  addition,  the 
mitochondria  are  shorter,  short  rods  and  spheres  predominating.  X8100. 
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roid  tissue  can  be  made  on  the  basis  of  tiie  granule  content  of  acidophils 
within  a  given  gland  (I^ebedewa,  1936;  Purves  and  Griesbach,  1946). 

The  variability  in  appearance  of  the  thyroidectomy  cells  from  gland  to 
gland  and  within  the  same  gland  makes  it  difficult  to  describe  a  typical  pic¬ 
ture  for  a  given  period  following  the  operation.  However,  in  general  it  may 
be  said  that  the  number  and  prominence  of  the  vesiculated  cells  and  the 
average  size  of  the  vesicles  increase  with  time  after  thyrbidectomj'.  In  addi¬ 
tion,  the  process  is  most  advanced  in  those  animals  in  which  thyroidectomy 
was  most  complete,  as  estimated  by  the  greatest  reduction  in  the  granule 
content  of  acidophils.  As  previously  pointed  out  by  Halmi  (1950),  it  is  in¬ 
teresting  that  numerous  vesiculated  thyroidectomy  cells  are  present  even 
in  those  animals  where  greater  numbers  of  acidophil  granules  remain.  How¬ 
ever,  we  have  noted  that  the  process  of  vesiculation  is  not  as  advanced  as 
it  is  in  the  glands  showing  lesser  numbers  of  remaining  acidophil  granules. 

Another  feature  characteristic  of  thyroidectomy  cells  is  the  relative 
paucity  of  secretory  granules.  In  castration  cells,  as  late  as  75  days  post- 
operatively  some  secretory  granules  of  the  characteristic  size  remain  in  the 
cytoplasm  between  the  large  vesicles.  However,  following  thyroidectomy. 
Very  few  typical  granules  are  seen,  even  in  “early”  thyroidectomy  cells 
containing  smaller  vesicles  (Figs.  4  and  5).  In  the  cells  showing  the  greatest 
numbers  of  large  vesicles,  no  secretory  granules  can  be  seen  (Figs.  7  and  8). 

The  finding  of  uniformly  dense,  rounded  bodies  ivithin  the  vesicles  of 
thyroidectomy  cells  is  of  particular  interest.  These  structures  are  seen  as 
early  as  10  days  following  thyroidectomy  and  increase  in  size  and  number 
as  the  period  after  operation  increases.  At  10  days  after  thyroidectomy  only 
an  occasional  cell  contains  such  structures  (Fig.  9).  By  30  days,  the  ma¬ 
jority  of  the  thyroidectomy  cells  show  a  few  or  many  of  these  dense  bodies 
(Figs.  7  and  8).  Comparable  structures  have  not  been  seen  in  castration 
cells.  Their  nature  and  possible  significance  will  be  discussed  in  a  later  sec¬ 
tion. 

The  Golgi  bodies  of  the  thyroidectomy  cells  are  well  defined  and  are 
somewhat  enlarged.  The  Golgi  apparatus  is  recognizable  as  a  differentiated 


Explanation  of  Fig.  5 


Fig.  5.  Section  from  the  pituitary  of  an  animal  10  days  after  thyroidectomy.  The 
thyroidectomy  cell  (T)  is  seen  to  contain  few  (if  any)  secretory  granules  in  the  vesicu¬ 
lated  cytoplasm.  The  mitochondria  (m)  are  mostly  spherical,  but  a  few  short  rods  are 
present.  The  small  gonadotroph  (G)  seen  above  is  readily  distinguished  from  the  thj-roid- 
ectomy  cell.  This  gonadotroph  is  smaller  than  those  seen  in  the  normal  rat.  The  cyto¬ 
plasm  contains  many  secretory  granules.  The  mitochondria  (m)  have  a  denser  matrix 
than  those  of  the  thyroidectomy  cell  and  are,  for  the  most  part,  longer  rods  or  filaments. 
The  Golgi  apparatus  (ga)  of  the  thyroidectomy  cell  occupies  a  much  larger  zone  of  the 
cytoplasm  than  the  Golgi  apparatus  of  the  gonadotroph.  X7200., 
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area  of  cytoplasm  outlined  by  lamellar  structures  with  little  or  no  internal 
density  and  electron-dense  walls  (Figs.  4  and  10).  Vacuoles  are  frequently 
seen  in  intimate  association  with  the  fine  lamellar  structures.  Aggregated 
around  the  lamellar  structures  and  vacuoles  are  many  tiny  droplets  or  vesi¬ 
cles.  The  area  of  the  cytoplasm  outlined  by  the  lamellar  structures  shows 
many  small  particles,  fine  fluid  droplets  or  clear  vesicles,  and  mitochondria, 
but  does  not  contain  as  many  nor  as  large  “colloid”-filled  vesicles.  The 
Golgi  apparatus  of  the  thyroidectomy  cell  differs  from  that  of  the  castra¬ 
tion  cell  by  having  a  less  conspicuous  vacuolar  element.  The  castration  cell 
shows  a  somewhat  similar  differentiated  cytoplasmic  zone  in  which  are  con¬ 
centrated  many  mitochondria,  granules,  particles  and  vesicles,  but  the  zone 
is  outlined  by  coarser  vacuoles  arranged  in  a  circular  or  s-shaped,  beadlike 
chain. 

The  mitochondria  of  thyroidectomy  cells  are  conspicuous  and  are  usually 
oval  or  spherical  in  shape.  They  are  found  in  the  Golgi  area  and  in  the 
strands  of  peripheral  cytoplasm  that  separate  the  vesicles  (Figs.  4-6).  The 
long  filamentous  mitochondria,  commonly  found  in  castration  basophils, 
are  rarely  seen. 

While  the  nuclei  of  the  thyroidectomy  and  castration  cells  are  similar, 
they  do  show  certain  differences.  Both  are  ovoid  and  contain  one  or  several 
nucleoli.  The  nucleoli  of  the  thyroidectomy  cells  are  somewhat  larger  than 
those  of  the  castration  basophils  when  cut  in  the  plane  of  their  greatest  di¬ 
ameter.  One  feature  sometimes  encountered  in  thyroidectomy  cells,  which 
has  not  been  seen  in  castration  cells,  is  an  indentation  of  the  nucleus  which 
appears  to  arise  as  the  result  of  pressure  from  an  adjacent,  enlarging  cyto¬ 
plasmic  vesicle. 

Acidophils 

All  of  the  thyroidectomized  animals  examined  show  a  striking  degranula¬ 
tion  of  the  acidophils.  Heavily  granulated  or  moderately  granulated  acido¬ 
phils  are  infrequently  seen.  ]Most  commonly,  only  a  few  (perhaps  one  or 
two  up  to  one  dozen)  granules  may  be  visible  in  the  sectioned  cell  (Figs.  9 


Explanation  of  Fig.  6 

Fig.  6.  Higher  magnification  showing  detail  of  a  10  day  thyroidectomy  basophil.  The 
cytoplasm  is  essentially  filled  with  cytoplasmic  vesicles  which  vary  a  great  deal  in  size 
and  shape.  Note  that  secretory  granules  are  not  present.  An  area  of  high  electron¬ 
scattering  power  associated  with  the  lamellar  element  of  the  Golgi  apparatus  (ga)  is 
seen  above  the  nucleus.  Most  of  the  mitochondria  (m)  are  spherical  although  a  few  short 
rods  are  present.  They  are  seen  in  the  Golgi  area  and  in  the  strands  of  cytoplasm  re¬ 
maining  between  vesicles.  X  10,000. 
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and  11).  Tlie  cjdoplasm  shows  numerous  expanded  and  coarsened  canalicu¬ 
lar  structures  of  the  endoplasmic  reticulum  and  mitochondria  which  are 
mostly  spheres  or  short  rods.  The  mitochondria  characteristically  have  a 
very  light  background  matrix.  Some  of  the  mitochondria  are  of  normal 
size  and  shape  and  contain  a  well  developed  system  of  internal  ridges  or 
“cristae  mitochondriales”  (Palade,  1952,  1953a).  Howev’er,'  others  appear 
swollen,  are  of  irregular  shapes  and  contain  less  intricate  or  flattened  inter¬ 
nal  “cristae”  (Fig.  11). 

(ronadotrophs 

The  gonadotrophs  of  the  thyroidectomized  animal  appear  to  be  smaller 
than  the  gonadotrophs  of  the  normal  animal.  However,  they  retain  their 
previous  form  and  position  and  are  readily  distinguished  from  adjacent 
thyroidectomy  cells  (Fig.  5). 

Secretory  Products  in  the  “ Perisinusoidal  Space” 

In  a  separate  communication  dealing  with  the  fine  vascular  organization 
of  the  anterior  pituitary  gland  (Rinehart  and  Farquhar,  1954)  we  noted 
that  the  sinusoids  are  surrounded  by  an  actual  or  potential  “space”  which 
lies  between  the  endothelium  and  parenchymal  cells  and  is  outlined  by  two 
basement  membranes.  The  perisinusoidal  space  is  of  relative  light  density. 
In  addition  to  the  perisinusoidal  “reticulo-endothelial”  cells  found  here, 
this  space  frequently  contains  secretory  vesicles,  granules  and  portions  of  the 
eytoplasm  of  both  acidophils  and  basophils. 

The  perisinusoidal  spaces  of  thyroidectomized  animals  often  contain 
acidophilic  granules  or  segments  of  cytoplasm  of  acidophils.  Of  particular 
interest  is  the  occasional  finding  of  thyroidectomy  cells  which  appear  to  be 
in  direct  communication  with  the  “space”  and  releasing  segments  of  cyto¬ 
plasm  into  it. 
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Explanation  ok  Figs.  7-S 

Figs.  7  and  S.  These  two  illustrate  cells  from  the  jiituitary  of  an  animal 

sacrificed  35  days  after  thyroidectomy.  A  nucleolus  is  prominent  within  the  nucleus  of 
the  thyroidectomy  basophil  above.  The  size  of  the  cytoplasmic  vesicles  varies  a  Kieat 
deal  from  cell  to  cell  and  within  the  same  cell.  Conspicuous  dense,  rounded  or  ovoid 
bodies  are  jue.sent  within  many  of  the  cytoplasmic  vesicles.  They  are  .seen  either  singly 
or  aRttregated  into  ^loups  and  are  much  denser  than  the  mitochondria.  The  thyroidec¬ 
tomy  basojihil  of  Figure  7  contains  a  meat  number  of  the.se  dense  bodies,  but  the  cell  on 
the  left  of  h'isure  8  contains  fewer  numbers,  and  the  cell  on  the  rinht  of  f’iRure  S  shows 
only  a  half  dozen  or  so.  These  structures  are  undoubtedly  the  same  as  those  described 
by  Purves  and  (Iriesbach  and  Halmi  as  beiiif?  a.ssociated  with  long  term  thyroid  de¬ 
ficiency.  F'ig.  7,  X5400;  Fig.  8,  XoOOO. 
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DISCUSSION 

The  observations  set  fortli  have  shown  that  thyrotrophs  and  thyroidec¬ 
tomy  cells  possess  characteristic  morphologic  features  which  distinguish 
them  from  gonadotrophs  and  castration  cells.  Some  of  these  features  de¬ 
serve  comment  in  view  of  previous  studies  and  in  regard  to  functional  im¬ 
plications  of  fine  cytologic  structure. 

Zeckwer  et  al.  (1935)  first  reported  that  thyroidectomy  and  castration 
basophils  differ  morphologically.  Later  Zeckwer  (1938)  in  a  convincing 
study  indicated  that  thyroidectomy  and  castration  basophils  differ  func¬ 
tionally.  Guyer  and  Claus  (1937)  and  Reese,  Koneff  and  Wainmann  (1943) 
outlined  a  number  of  criteria  which  could  be  used  to  distinguish  thyroidec¬ 
tomy  and  castration  basophils.  Among  the  distinguishing  features  which 
these  authors  have  described  and  which  our  observations  confirm  are  the 
tendency  for  grouping,  greater  irregularity  in  size  of  the  cytoplasmic  vesi¬ 
cles  and  greater  size  attained  bj'  thyroidectomy  cells. 

By  utilizing  the  observations  set  forth,  certain  speculations  can  be  made 
relating  staining  with  the  periodic  acid-Schiff  (PAS)  technique  and  alde- 
hj'de-fuchsin  (AF)  to  specific  structural  elements.  Catchpole  (1949)  ex¬ 
amined  PAS-stained  sections  prepared  by  freeze-drying  technique  from 
pituitaries  of  rats  which  had  been  thyroidectomized  for  24  days.  He  found 
that  the  glands  contained  “amounts  of  glycoprotein  granules  in  basophils 
comparable  with  the  castrated  series.”  Purves  and  Griesbach  (1951a) 
found  that  during  the  first  three  to  four  weeks  following  thyroidectomy 
“the  reaction  with  PAS  (in  the  thyrotrophs)  is  only  slight.  A  pink  color 
due  to  fine  granulation  can  be  seen.”  They  also  noted  that  “hyaline  vacu¬ 
oles  appearing  at  the  second  or  third  week  stain  darker  than  the  cytoplasm 
and,  on  the  whole,  darker  than  the  castration  cell  vacuoles.”  The  difference 
in  the  results  of  these  two  groups  of  workers  can  probably  be  attributed  to 


Explanation  of  Fig.  9 

Fig.  9.  Field  from  the  pituitary  of  an  animal  10  days  after  thyroidectomy.  The 
acidophils  (A)  are  seen  to  be  practically  depleted  of  secretory  granules.  The  acidophil 
cytoplasm  contains  prominent,  relatively  “coarsened”  canalicular  structures  (can)  of  the 
endoplasmic  reticulum.  The  mitochondria  (m)  are  large  and  have  a  light  background 
matrix. 

Portions  of  thyroidectomy  basophils  are  visible  in  the  field  to  the  right  above,  and  in 
the  lower  right  corner.  Both  cells  contain  characteristic,  rounded,  dense  structures 
within  cytoplasmic  vesicles.  Portions  of  two  granulated  gonadotrophs  (G)  are  present. 

The  row  of  canalicular  structures  (can)  in  the  thyroidectom}’  cell  in  the  lower  right 
corner  is  of  particular  interest.  These  structures  may  be  seen  to  communicate  with  the 
cytoplasmic  vesicles  and,  in  several  places,  dilatations  of  the  canalicular  chain  appear  to 
be  forming  vesicles.  X5100. 
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differences  in  techniques.  However,  they  both  found  that  PAS  staining 
was  maintained  following  thjToidectomy.  On  the  other  hand,  Purves  and 
Griesbach  (1951b)  and  Halmi  (1952)  found  that  AF  staining  of  these  cells 
was  diminished  following  thyroidectomy. 

We  believe  that  the  PAS  staining  reaction  is  related  to  the  vesicles  and 
that  the  AF  staining  is  related  to  the  granules  of  the  thyrotrophs.  The  rea¬ 
sons  for  this  belief  are:  1)  thyrotrophs  of  the  normal  animal  are  both  PAS 
and  AF-positive,  and  electron  micrographs  show  that  they  contain  both 
secretory  granules  and  vesicles;  2)  thyroidectomy  cells  are  PAS-positive, 
but  staining  with  AF  is  diminished  and,  in  electron  micrographs,  it  is  evi¬ 
dent  that  vesicles  are  larger  and  more  numerous  than  in  the  normal  thyro¬ 
troph,  but  the  granule  content  is  diminished  or  virtually  absent. 

It  seems  likely  that  the  dense,  osmiophilic  spherical  or  ovoid  bodies 
which  we  see  within  cytoplasmic  vesicles  of  thyroidectomy  basophils  are 
the  same  structures  which  Purves  and  Griesbach  (1951a)  and  Halmi  (1952) 
described  in  thyroidectomy  cells.  Purves  and  Griesbach  found  that,  in 
PAS-stained  glands  4  to  6  weeks  after  thyroidectomy,  a  large  number  of 
thyroidectomy  cells  contain  dark  red  particles  in  their  cytoplasm  which  are 
of  varied  sizes  and  shapes.  Halmi  noted  that  these  same  particles  stain  with 
AF  only  after  prolonged  oxidation  with  hydrogen  peroxide.  All  of  these 
authors  relate  these  large  bodies  to  long  term  thyroid  deficiency.  However, 
we  have  seen  them  as  early  as  10  days  following  thyroidectomy.  Because 
we  find  these  large  bodies  ordinarily  within  vesicles,  we  believe  that  they 
may  represent  condensations  of  altered  material  stored  within  the  large 
vesicles. 
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Explanation  of  Figs.  10-11 

Fig.  10.  Portion  of  a  10  day  thyroidectomy  basophil.  The  large  Golgi  apparatus  below 
the  nucleus  is  seen  to  consist  of  a  differentiated  zone  of  cytoplasm  outlined  by  electron- 
dense  lamellar  structures  (1)  and  closely  associated  vacuoles  (vac)  with  a  low  electron¬ 
scattering  power.  Many  small  fluid  droplets  or  vesicles,  particles,  and  mitochondria  are 
concentrated  in  the  area  circumscribed  by  the  lamellar  structures.  The  colloid-containing 
vesicles  in  the  Golgi  area  are  much  smaller  than  those  in  the  surrounding  cytoplasm. 
X8100. 

Fig.  11.  Portions  of  the  cytoplasm  of  several  acidophils  from  the  pituitary  of  an  ani¬ 
mal  thyroidectomized  for  10  days.  Very  few  secretory  granules  (gr)  are  seen  within  the 
cytoplasm.  The  cytoplasm  contains  small  vesicles  and  numerous  canalicular  structures 
(can)  of  the  endoplasmic  reticulum  with  closely  associated  fine  particles.  The  alterations 
of  the  mitochondria  are  of  particular  interest.  Some  (mi)  are  filamentous,  of  normal  size 
and  contain  ivell  developed  internal  ridges  or  cristae  mitochondriales  of  Palade,  while 
others  (m2)  appear  swollen,  are  of  irregular  shapes  and  contain  only  a  few  flattened 
“cristae.”  X9000. 
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Canalicular  Structures  of  the  Endoplasmic  Reticulum  (Ergastoplasm)  and 
Vesicles 

We  have  noted  (Rinehart  and  Farquhar,  1953)  that  fine  canaliculi  of 
the  type  seen  in  the  pituitary  acidophils  (and  the  pancreatic  acinar  cells, 
parenchymal  cells  of  the  liver,  etc.)  are  infrequently  found  in  the  basophils 
of  the  anterior  pituitary  gland.  However,  variable  numbers  of  ovoid  vesi¬ 
cles  are  characteristically  present  in  the  cytoplasm  of  basophils.  We  also 
noted  (Farquhar  and  Rinehart,  1954)  that,  following  castration,  the  baso¬ 
phils  in  the  earlier  phases  of  vesiculation  show  what  appear  to  be  transi¬ 
tions  between  slightly  expanded  canaliculi  and  vesicles.  We  suggested  that 
the  vesicles  of  the  basophils  may  represent  expansions  of  the  double-layered 
canaliculi  between  points  of  constriction  and  may  serve  to  store  hormonal 
products. 

Our  observations  on  thyroidectomy  basophils  substantiate  our  previous 
findings.  We  have  occasionally  seen  the  walls  of  the  canalicular  structures 
of  the  endoplasmic  reticulum  to  be  continuous  ^^^th  the  walls  of  vesicles. 
In  certain  instances  vesicles  unquestionably  are  seen  to  represent  expan¬ 
sions  of  the  double-layered  canaliculi  between  points  of  constriction  (Fig. 
9). 

Golgi  Apparatus 

In  earlier  communications  (Rinehart  and  Farquhar,  1953;  Farquhar  and 
Rinehart,  1954)  we  briefly  reviewed  pertinent  literature  concerning  the 
Golgi  apparatus,  particularly  as  applicable  to  the  anterior  pituitary  gland 
and  in  regard  to  information  contributed  by  electron  microscopic  studies. 
At  this  time  a  re-examination  of  the  Golgi  apparatus  seems  appropriate, 
for  improved  techniques  have  allowed  a  much  more  satisfactory  examina¬ 
tion  of  this  specialized  cytoplasmic  zone. 

Dalton  and  Felix  (1954)  have  quite  recently  described  three  morphologi¬ 
cally  distinct  components  of  the  Golgi  substance  of  the  cells  of  the  rat  epi¬ 
didymis  seen  with  the  electron  microscope.  These  are:  1)  large  vacuoles, 
2)  small  “granules”  (+400  A)  with  a  relatively  low  electron-scattering 
power  and  3)  lamellae  with  electron-dense  walls  (  +70  A),  separated  by  an 
area  ( +  70  A)  of  low  electron-scattering  power.  Our  observations  indicate 
that  these  three  structural  units  are  present  in  the  Golgi  bodies  of  the  pitui¬ 
tary  gonadotrophic  and  thyrotrophic  basophils.  We  would  prefer  to  use  the 
term  “Golgi  vesicles”  rather  than  granules,  because  the  bodies  have  a  cen¬ 
tral  zone  of  lesser  density,  and  reserve  the  term  “granule”  for  particles  of 
uniform  density  and  high  electron-scattering  power. 

We  have  noted  that  the  vacuoles  are  more  conspicuous  in  the  Golgi  ap¬ 
paratus  of  the  castration  basophil,  and  the  lamellar  constituent  is  more 
prominent  in  the  thyroidectomy  basophil. 
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Mitochondria 

We  have  previously  suggested  (Farquhar  and  Rinehart,  19.54)  that  the 
size,  shape,  density  and  internal  organization  of  mitochondria  may  vary 
considerably  with  the  functional  activity  of  the  cell. 

Reese,  Koneff  and  Wainman  (1943)  noted  that  the  mitochondria  of 
thyroidectomy  cells  are  large  and  are  usually  seen  as  spheres  or  short  rods. 
In  contrast  to  the  mitochondria  of  castration  basophils,  true  filaments  are 
rarely  (if  ever)  seen.  In  addition,  these  authors  noted  that  the  mitochondria 
of  thyroidectomy  basophils  do  not  show  the  same  tendency  for  aggregation 
in  the  Golgi  area  as  is  characteristic  of  castration  cells.  We  have  found  that 
the  mitochondria  of  thyroidectomy  cells  have  a  lighter  background  matrix 
and  a  simpler  system  of  internal  ridges  than  the  castration  cell. 

The  mitochondria  of  the  acidophils  of  thyroidectomized  animals  are  of 
particular  interest.  It  has  been  pointed  out  that  they  are  mostly  spheres  or 
short  rods  and  sometimes  become  quite  large.  In  addition,  it  was  noted  that 
the  background  matrix  is  very  light,  and  the  internal  ridges  are  simpler 
than  in  the  normal.  Since  the  acidophils  are  generally  believed  to  be  de¬ 
pressed  following  thyroidectomy,  it  is  probable  that  these  mitochondrial 
changes  reflect  lowered  functional  activity.  It  may  be  that  these  mito¬ 
chondrial  changes  seen  in  the  acidophils  following  thyroidectomy  represent 
a  characteristic  alteration  of  this  structure  reflecting  the  depressed  func¬ 
tional  activity  of  cells. 

Effects  of  Thyroidectomy  on  the  Acidophils 

It  is  well  known  that  degranulation  of  the  acidophils  follows  thyroidec¬ 
tomy.  It  is  also  known  that  an  animal  stops  growing  soon  after  thyroidec¬ 
tomy  (Evans  et  al.,  1939).  Since  thyroxine  has  little  or  no  effect  on  growth 
in  the  hypophysectomized  animal  (Smith,  1927;  Evans  et  al.,  1939;  Ray  et 
al.,  1950,  and  others),  it  seems  likely  that  the  influence  of  thyroxine  on 
growth  is  mediated  through  the  secretion  of  hypophyseal  growth  hormone 
(Scow  et  al.,  1949;  Koneff  et  al.,  1949  and  Becks  et  al.,  19.50).  The  recent 
work  of  Eartly  and  Leblond  (1954)  further  indicates  that,  in  the  absence 
of  thyroxine,  the  hypophysis  secretes  little  or  no  growth  hormone. 

Since  the  acidophil  is  generally  considered  to  be  the  site  of  production  of 
growth  hormone,  the  evidence  summarized  above  indicates  that  acidophil 
activity  is  suppressed.  It  might,  therefore,  be  assumed  that  the  structural 
appearance  of  the  cell,  i.e.,  swollen  mitochondria,  expanded  canalicular 
structures,  lack  of  granules,  etc.  reflects  this  lowered  functional  activity. 

COMMENT 

The  observations  reported  here  and  the  survey  of  a  very  large  number 
of  electron  micrographs  from  the  pituitary  glands  of  animals  subjected  to 
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a  variety  of  experimental  procedures  bring  increasing  conviction  that  cells 
responsible  for  the  formation  of  different  trophic  hormones  possess  dis¬ 
tinctive  features  of  fine  structure.  Thus,  among  the  basophils  the  gonado¬ 
trophic  and  the  thyrotrophic  cells  appear  to  have  characteristic  fine  struc¬ 
tural  differences.*  In  addition,  we  have  presented  evidence  supporting  the 
existence  of  two  morphologically  distinct  gonadotrophs  (Farquhar  and 
Rinehart,  1954).  Our  own  additional  studies  (Farquhar  and  Rinehart,  un¬ 
published  data)  and  those  of  Siperstein  et  al.  (1954)  add  support  to  the  con¬ 
cept  of  a  “FSH-gonadotroph”  and  an  “LH  or  ICSH  gonadotroph.”  Fur¬ 
ther,  we  have  made  some  observations  which  indicate  that  the  cell  which 
elaborates  the  adrenocorticotrophic  hormone  also  possesses  a  characteristic 
structure.  Our  observations  on  the  cell  which  we  believe  to  be  responsible 
for  formation  of  the  adrenocorticotrophic  hormone  will  be  described  in  a 
subsequent  report. 

Some  progress  is  being  made  in  relating  variations  in  fine  structure  of 
mitochondria,  the  Golgi  apparatus,  endoplasmic  reticulum,  etc.  to  states  of 
functional  activity  of  cells  of  the  anterior  pituitary  gland. 

SUMMARY 

Thin  sections  of  the  anterior  pituitary  gland  of  young  thyroidectomized 
and  control  rats  were  examined  with  the  electron  microscope. 

Examination  of  early  thyroidectomy  changes  established  definitive  mor¬ 
phologic  criteria  which  allowed  recognition  of  the  unstimulated  thyrotro¬ 
phic  cell  in  the  normal  animal.  The  thyrotroph  is  seen  to  be  angular  and  to 
contain  fine,  ill-defined  secretory  granules.  It  is  usually  not  located  direct!}* 
on  a  sinusoid.  These  features  of  the  thyrotroph  are  contrasted  \N*ith  those  of 
the  gonadotroph  which  is  more  rounded,  contains  larger,  denser  granules 
and  is  typically  located  on  a  sinusoid.  Both  cell  types  exhibit  rounded  nu¬ 
clei  with  one  or  two  nucleoli  and  show  variable  numbers  of  ovoid  vesicles 
in  the  cytoplasm  in  addition  to  the  usual  cytoplasmic  constituents,  i.e., 
mitochondria,  fine  particles,  small  fluid  droplets  or  vesicles  and  a  few  can¬ 
alicular  structures  of  the  endoplasmic  reticulum  (ergastoplasm). 

Following  thyroidectomy,  changes  are  seen  to  occur  in  the  fine  structure 
of  the  thyrotrophs  which  further  distinguish  them  from  normal  gonado¬ 
trophs  and  gonadotrophs  stimulated  by  castration.  Thyroidectomy  baso¬ 
phils  are  ordinarily  grouped  together  and  contain  larger  vesicles  at  earlier 
periods  following  operation.  The  size  of  the  cytoplasmic  vesicles  is  seen  to 
vary  a  great  deal  from  cell  to  cell  and  from  gland  to  gland.  In  general,  how¬ 
ever,  the  average  vesicle  size  increases  with  time  following  thyroidectomy. 
Thyroidectomy  cells  contain  few  or  no  secretory  granules  and  those  present 
are  small  and  ill  defined.  As  early  as  10  days  following  thyroidectomy,  uni¬ 
formly  dense  ovoid  or  rounded  bodies  are  found  within  cytoplasmic  vesi- 
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cles.  These  bodies  increase  in  size  and  number  as  the  period  following  opera¬ 
tion  increases. 

The  morphologic  features  characteristic  of  thyroidectomy  basophils  are 
contrasted  with  those  of  the  castration  basophils.  The  latter  show  no  tend¬ 
ency  for  grouping,  contain  more  uniform  vesicles  for  a  given  period  follow¬ 
ing  operation  and  always  contain  well  defined  secretory  granules.  The  dense 
rounded  bodies  characteristically  seen  in  the  vesicles  of  thyroidectomy 
cells  are  not  found  in  castration  cells. 

The  observations  are  related,  insofar  as  is  possible,  to  earlier  morphologic 
studies  and  more  recent  histochemical  investigations  on  thyroidectomy 
and  castration  basophils. 

Variations  noted  in  the  mitochondria,  Golgi  apparatus  and  canalicular 
structures  of  the  endoplasmic  reticulum  (ergastoplasm)  are  described  and 
discussed. 

Our  findings  fully  confirm  previous  studies  indicating  that  acidophils  be¬ 
come  degranulated  following  thyroidectomy.  The  significance  of  this  is 
briefly  discussed,  and  the  fine  structure  of  the  functionally  depressed  acido¬ 
phil  is  described. 

The  observations  presented  indicate  that  thyrotrophic  and  gonadotro¬ 
phic  basophils  can  be  distinguished  on  morphologic  features  alone.  Our 
observations  support  the  concept  presented  by  Purves  and  Griesbach  and 
Halmi  that  gonadotrophs  and  thyrotrophs  are  separate  cell  types. 
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1955  LAURENTIAX  HORIVIONE  CONFERENCE 

The  1955  Laurentian  Hormone  Conference  will  be  held  at  Estes  Park, 
Colorado,  during  the  period  September  11-16,  1955.  This  Western  meeting 
has  been  instituted  particularly  to  enable  attendance  at  the  meeting  by 
qualified  investigators  who  have  found  it  difficult  to  attend  the  conferences 
at  an  Eastern  site. 

In  view  of  a  need  for  detailed  advance  arrangement,  interested  investi¬ 
gators  should  make  application  to  the  Committee  on  Arrangements  of 
The  Laurentian  Hormone  Conference,  222  Maple  Avenue,  Shrewsburj", 
Massachusetts,  at  an  early  date  and  in  any  event  no  later  than  May  6, 
1955.  Attendance  at  the  Conference  is  limited  by  the  accommodations 
available.  A  Conference  rate  of  S12.00  per  person  per  day  is  extended  to 
all  invited  participants.  Final  announcement  of  the  Conference  program 
will  be  made  early  in  1955. 

ANNOUNCEMENT 

The  Division  of  Medical  Sciences,  National  Academy  of  Sciences- 
National  Research  Council,  is  accepting  applications  for  grants-in-aid  of 
research  in  the  following  fields: 

The  Committee  for  Research  in  Problems  of  Sex  is  concerned  with  en¬ 
couraging  research,  primarily  on  the  mechanisms  controlling  sexual  be¬ 
havior  in  animals  and  man.  Proposals  involving  endocrinological,  neuro¬ 
logical,  psychological,  anthropological,  phylogenetic,  and  genetic  studies 
directed  toward  this  objective  are  therefore  invited.  Requests  will  also  be 
considered  that  deal  with  the  physiology  of  reproduction  or  with  related 
Inological  and  biochemical  fields.  Applications  for  the  fiscal  year  1955-1956 
should  be  postmarked  on  or  before  February  15,  1955. 

ANNOUNCEMENT  OF  THE  VAN  METER 
PRIZE  AWARD 

The  American  Goiter  Association  again  offers  the  Van  Meter  Prize 
Award  of  Three  Hundred  Dollars  and  two  honorable  mentions  for  the 
best  essays  submitted  concerning  original  work  on  problems  related  to  the 
thyroid  gland.  The  award  will  be  made  at  the  annual  meeting  of  the  Asso¬ 
ciation  which  will  be  held  in  Oklahoma  City,  Oklahoma,  April  28,  29  and  30, 
1955,  providing  essays  of  sufficient  merit  are  presented  in  competition. 

The  competing  essays  may  cover  either  clinical  or  research  investiga¬ 
tions;  should  not  exceed  three  thousand  words  in  length;  must  be  presented 
in  English,  and  a  typewritten  double  space  copy  in  duplicate  sent  to  the 
Secretary,  John  C.  McClintock,  M.D.,  149^  Washington  Avenue,  Albany, 
New  York,  not  later  than  January  15,  1955. 
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THE  FRANCIS  AMORY  SEPTENNIAL  PRIZE 

OF  THE 

AMERICAN  ACADEMY  OF  ARTS  AND  SCIENCES 

In  compliance  with  the  terms  of  a  gift  under  the  will  of  Francis  Amory, 
the  American  Academy  of  Arts  and  Sciences  offers  a  substantial  prize  for 
outstanding  work  addressed  to  the  alleviation  or  cure  of  diseases  affecting 
the  human  reproductive  organs,  in  particular  those  of  men.  The  work 
may  be  instrumental  technology,  operative  procedure,  clinical  or* labora¬ 
tory  research,  or  a  technical  treatise.  No  formal  applications  and  no  essays 
or  treatises  from  candidates  are  desired;  but  nominations,  supported  by 
statements  of  qualifications  in  respect  to  work  consummated  between 
November  10,  1947,  and  November  10,  1954,  will  be  given  careful  consid¬ 
eration.  Address: 

American  Academy  of  Arts  and  Sciences 
28  Newbury  Street 
Boston  16,  Massachusetts 


AUTHOR  INDEX,  VOLUME  55 


Abelove,  William  A.  and  Karl  K. 
Paschkis.  Comparison  of  the  Dia¬ 
betogenic  Action  of  Cortisone  and 
Growth  Hormone  in  Different  Spe¬ 
cies,  637 

Albert,  A.,  see  Braasch,  John  W.,  768 

Altschule,  Mark  D.,  see  Kitay,  Julian 
I.,  782 

Antonc’hak,  Nancy,  see  Miller,  Gloria 
Joy, 361 

Assali,  N.  S.  and  J.  Hamermesz.  Adreno¬ 
corticotropic  Substances  from  Human 
Placenta,  561 

Aterman,  K.,  see  Greenberg,  Samuel 
M.,  700 

Atkinson,  William  B.,  Margaret  M. 
Dickie  and  Elizabeth  Fekete.  Ef¬ 
fects  of  Breeding  on  the  Development 
of  Ovarian,  Adrenal,  and  Uterine  Le¬ 
sions  in  DBAXCE  and  Reciprocal 
Hybrid  Mice,  316 

Awapara,  Jorge  and  Saul  Kit.  Utiliza¬ 
tion  of  Injected  L-Alanine  by  Adre- 
nalectomized  Rats,  186 

Axelrad,  B.  J.,  J.  E,  Cates,  B.  B.  John¬ 
son  AND  J,  A.  Luetscher,  Jr.  Bio¬ 
assay  of  Mineralocorticoids:  Rela¬ 
tionship  of  Structure  to  Physiological 
Activity,  568 

Baird,  Joan  A.,  see  Burdick,  H.  O.,  369 

Baker,  C.,  see  Swingle,  W.  W.,  813 

Barnes,  Lester  E.,  Robert  O.  Stafford, 
Marilyn  E.  Guild,  Lou  C.  Thole 
AND  Kenneth  J.  Olson.  A  Compari¬ 
son  of  Myotrophic  and  Adrenogenic 
Activities  of  Testosterone  Propionate 
with  19-Nortestosterone  and  Its  Es¬ 
ters,  77 

Barrnett,  Russell  J.  Histochemical 
Demonstration  of  Disulfide  Groups  in 
the  Neurohypophysis  under  Normal 
and  Experimental  Conditions,  484 

Bartlett,  Paul  D.  and  Anne  Steven¬ 
son.  Effects  of  Protein  Anabolic  Hor¬ 
mones  on  Rates  of  Protein  Degrada¬ 


tion  and  Protein  Loss  in  the  Fasting 
Dog,  200 

Bates,  Robert  W.,  see  Boas,  F.  Nor¬ 
man,  601 

Batts,  Adrienne  A.,  Leslie  L.  Bennett, 
Joseph  Garcia  and  Jerome  Stein. 
The  Effect  of  Growth  Hormone  on 
Muscle  Potassium  and  on  Extracellu¬ 
lar  Fluid,  456 

Beare,  j.  L.,  j.  R.  Beaton  and  E.  W. 
McHenry.  Anterior  Pituitary  Growth 
Hormone  Administration  in  B  Vita¬ 
min  Deficiencies  in  the  Rat,  40 

Beaton,  J.  R.,  see  Beare,  J.  L.,  40 

Ben,  M.,  see  Swingle,  W.  W.,  813 

Bennett,  Leslie  L.,  see  Batts,  Adrienne 
A.,  456 

Berman,  Helen,  see  Gardner,  Lytt  L, 
417 

Bird,  O.  D.,  see  Thompson,  R.  Q.,  665 

Birmingham,  M.  K.,  see  Elliott,  F.  H., 
721 

Boas,  Norman  F.  and  Robert  O.  Scow. 
Apparent  Exophthalmos  in  the  Rat 
Following  Cortisone  Treatment  or 
Thyroidectomy,  148 

Boas,  F.  Norman  and  Robert  W.  Bates. 
Role  of  the  Thyroid  and  Anterior 
Pituitary  Glands  in  the  Maintenance 
of  the  Harderian  Glands  of  the  Rat, 
601 

Bodansky,  Oscar  and  William  L. 
Money.  Rates  of  Development  and 
Regression  of  Changes  During  and 
After  Prolonged  Cortisone  Adminis¬ 
tration  in  Rats,  173 

Bondy,  Philip  K.,  Dwight  J.  Ingle  and 
Robert  C.  Meeks.  Influence  of 
Adrenal  Cortical  Hormones  upon  the 
Level  of  Plasma  Amino  Acids  in 
Eviscerate  Rats,  354 

Bourque,  Louise,  see  Sonenberg,  Mar¬ 
tin,  709 

Bowers,  J.  Z.,  see  Santisteban,  George 
A.,  794 

BraascH,  John  W.,  Eunice  V.  Flock  and 


879 


SSO 


AUTHOR  INDEX 


Volume  55 


A.  Albert.  A  Quantitative  Method 
for  the  Separation  of  the  lodinated 
Amino  Acids  of  Thyroid  Tissue,  76S 
Braden,  A.  W.  H.  Infertility  in  Rats  and 
Mice  Following  Estrogen  Treatment 
Early  in  Life,  112 

Breibart,  Sidney  and  Frank  L.  Engel. 
The  Influence  of  Corti.sone  and  In¬ 
sulin  on  the  Respiratory  Activity  of 
Rat  Adipose  Tissue  in  Vitro,  70 
Breneman,  W.  R.  The  Growth  of  Thy¬ 
roids  and  Adrenals  in  the  Chick,  54 
Burdick,  H.  O.,  Joan  A.  B.urd  and 
Ruth  T.  Rogers.  Further  Studies  on 
the  Effect  of  Desoxycorticosterone 
Acetate  on  Early  Pregnancy,  369 

Cates,  J.  E.,  see  Axelrad,  B.  J.,  56S 
C.\TON,  William  L.,  see  Hofmann,  Fred¬ 
erick  G.,  114 

Cochran,  Kenneth  W.  and  Kenneth  P. 
DuBois.  The  Influence  of  Certain 
Steroids  on  the  Oxidation  of  Alpha- 
Keto  Acids,  10 

Conner,  Mark  H.  and  C.  S.  Shafkxer. 
I'.ffect  of  Altered  Thyroidal  and  Gon¬ 
adal  Activity  on  Size  of  Endocrine 
Glands  and  Resistance  to  Stress  in 
tlie  Chick,  45  ' 

CoNTOPouLos,  A.  N.,  ^I.  E.  Simpson, 
1).  C.  Van  Dyke,  J.  H.  Lawrence 
AND  H.  M.  Evans.  A  C'omparison  of 
the  Anemia  Produced  by  Hypo])hy- 
sectomj'  with  That  Resulting  from 
Combined  Thyroidectomy,  Adrenal¬ 
ectomy  and  Gonadectomy,  509 
CoNTOPOULOs,  A.  N.,  S.  Ellis,  M.  E. 
Si.MP.soN,  J.  H.  Lawrence  and  H.  M. 
Evans.  Production  of  Polycythemia 
in  Hypophysectomized  Rats  by  the 
Pituitary  Erythrojioietic  Factor,  808 
Cornfield,  Jerome,  see  Liddle,  Gr.^nt 
W.,  575 

CowiE,  A.  T.,  W.  F.  Ganong  and  D.  M. 
Hume.  The  Eosinopenic  Response  to 
Graded  Doses  of  Hydrocortisone  in 
the  Adrenalectomized  Dog  with  and 
without  Surgical  Trauma,  745 
Crawford,  .Tohn  D.  and  Barbara  Pink- 
ham.  An  Assay  Methoil  for  Anti¬ 
diuretic  Hormone  Based  on  a  More 
Specific  Response  Index,  521 
Crawford,  J.  D,  and  Barbara  Pinkham. 


The  Removal  of  Circulating  Anti¬ 
diuretic  Hormone  by  the  Kidney,  699 

Daane,  Thomas  A.  and  Wm.  R.  Lyon.s. 
Effect  of  Estrone,  Progesterone  and 
Pituitary  Mammotroiiin  on  the  Mam¬ 
mary  Glands  of  Castrated  C3H  Male 
Mice,  191 

Davis,  James  O..  D.wid  S.  Homell  and 
Robert  E.  Hy.\tt.  Effect  of  Chronic 
Pitressin  Administration  on  Electro¬ 
lyte  Excretion  in  Normal  Dogs  and  in 
Dogs  with  Exiierimental  Ascites,  409 

Deane,  Helen  Wendler  andCh.\rlks  P. 
Lyman.  Body  Temperature,  Thyroid 
and  Adrenal  Cortex  of  Hamsters  dur¬ 
ing  Cold  Exjiosure  and  Hibernation 
with  Comparisons  to  Rats,  300 

Deane,  Helen  Wendler,  see  Gardner, 
Lytt  L,  417 

Dickie,  Marg.\ret  M.,  see  Atkinson. 
William  B.,  316 

Dor.\ns,  Jean  F.,  see  Sonexberg,  ^Iar- 
TiN,  709 

Dorfm.\n,  Adeline  S..  see  Dorf.man, 
Ralph  L,  65 

DoRFMAN,  R.CLPH  I.  AND  ADELINE  S. 
Dorfman.  Estrogen  Assays  using  the 
Rat  Uterus,  65 

Dorfman,  Ralph  L,  see  Hayano,  Mika, 
326 

Dougherty,  T.  F.,  see  Ku.magai,  L.  F.,  90 

Dougherty,  T.  F.,  see  Santisteban 
George  A.,  794 

DuBois,  Kenneth  P.,  see  Cochran,  Ken 
NETH  W.,  10 

Dunc.cn,  G.  M.,  see  Forbes,  J.  C.,  822 

Eisler,  M.,  see  Swingle,  W.  W.,  813 

Elgee,  Neil,  see  VanArsdel,  Paul,  332 

Elliott,  F.  H.,  M.  K.  Birmingham, 
A.  V.  ScHALLY  AND  E.  ScHONBAU.M. 
The  Micro  Estimation  of  Steroids 
Produced  bv  Rat  Adrenals  in  vitro, 
721 

Ellis,  S.,  see  Contopoulos,  A.  N.,  808 

Engel,  Frank  L.,  see  Breib.\rt,  Sidney, 
70 

Engel,  Frank  L.,  see  Engel.  Mildred 
G.,  593 

Engel,  Frank  L.  and  Mildred  G.  En¬ 
gel.  The  Influence  of  Corticotrojiin  on 
Ketonemia  and  Glycemia  in  Normal 
and  Adrenalectomized  Rats,  845 


December,  195/f 


AUTHOR  INDEX 


881 


Kngkl,  Mildred  G.  and  P'hank  L.  P^n- 
GEL.  Fasting  Ketosis  in  the  Adrenal- 
ectomized  and  Cortisone-Treated  Rat, 
593 

Engel,  Mildred  G.,  see  Engel,  Frank 
L.,  845 

Evans,  H.  M.,  see  Contopoulos,  A.  N., 
509 

Evans,  Herbert  M.,  see  Nelson,  Mar¬ 
jorie  M.,  543 

Evans,  H.  ^I.,  see  Contopoulos,  A.  N., 
808 

Fainstat,  Theodore.  Cortisone-Induced 
C'ongenital  Cleft  Palate  in  Rabbits, 
502 

P^ARQUHAR,  M.^RILYN  GisT  AND  JaMES  F. 
Rineh.vrt.  Cytologic  Alterations  in 
the  Anterior  Pituitary  Gland  Follow¬ 
ing  Thyroidectomy:  an  Pllectron 
Microscope  Study,  857 

P'ekete,  PIlizabeth,  see  Atkinson,  Wil¬ 
liam  B.,  316 

P'lock,  PluNic'E  V.,  see  Braasuh,  John  W., 
768 

P'oRBES,  Tho.mas  R.  Further  Specificity 
Tests  of  a  Bio- Assay  for  Progesterone, 
704 

P^ORBES,  J.  C.  AND  G.  M.  DuNCAN.  Plffect 
of  Alcohol  Intoxication  and  ACTH 
on  Liver  Ascorbic  Acid  in  the  Guinea 
Pig,  822 

P'oRD,  Donald  H.  The  Role  of  Progester¬ 
one  in  the  Production  of  Vaginal 
Changes  in  Ovariectomized  P’einale 
Rats,  230 

Forsham,  Peter  H.,  see  Liddle,  Grant 
W.,  575 

Freem.an,  Smith,  see  M.\rshall,  Robert 
T.,  205 

Fruhman,  G.  J.,  see  Gaunt,  Robert,  236 

Ganong,  W.  F.  The  Plffect  of  ACTH  on 
Adrenal  Size  in  Hypophvsectomized 
Rats,  117 

Ganong,  W.  P\  and  D.  M.  Hume.  Absence 
of  Stre.ss-Induced  and  “Compensa¬ 
tory”  Adrenal  Hyiieitrophy  in  Dogs 
with  Hyiiothalamic  Lesions,  474 

Ganong,  W.  P\,  see  Cowie,  A.  T.,  745 

Gardner,  Lytt  L,  Helen  Berman  and 
Helen  Wendler  Deane.  Metabolic 
Competition  Between  Desoxycorti- 


costerone  Acetate  and  Strophanthin- 
G  in  the  Rat,  417 

Garcia,  Joseph,  see  B.\tts,  Adrienne  A., 
456 

G.\unt,  Robert,  A.  S.  Gordon,  A.  A. 
Renzi,  j.  Padawer,  G.  J.  Fruhman 
AND  Martha  Gilman.  Biological 
Studies  with  Electrocortin  (Aldo¬ 
sterone),  236 

Gaunt,  Robert,  see  Miller,  Gloria 
Joy,  361 

Giere,  Frederic  A.  P’urther  Studies  on 
the  Plffects  of  Adrenal  Medullary 
Hormones  on  Renal  Plxcretion  of 
Water  and  Electrolytes  in  the  Intact 
Rat,  448 

Gilman,  Martha,  see  Gaunt,  Robert, 
236 

Girerd,  R.,  see  Mitchell,  L.,  697 

Glazko,  a.  j.,  see  Thomp.son,  R.  Q.,  665 

Goldzieher,  Joseph  W.,  and  Renee  L. 
Matthews.  The  Adrenal  Cortex  and 
Sulfur  ^letabolism;  The  Non-effect  of 
Glutathione  on  Adrenal  Ascorbic 
Acid,  163 

Gordon,  A.  S.,  see  Gaunt,  Robert,  A., 
236 

Greenberg,  S.^muel  M.,  and  K.  Ater- 
MAN.  Effects  of  Prolonged  Cortisone 
Administration  to  Hypophysecto- 
mized  Rats,  700 

Griesbach,  W.  E.,  .see  Purve.s,  H.  I).,  785 

Grollman,  Arthur.  The  Role  of  the  Kid¬ 
ney  in  the  Parathyroid  Control  of  the 
Blood  Calcium  as  Determined  by 
Studies  on  the  Nephrectomized  Dog, 
166 

Guggenheim,  K.  Studies  on  Water  Metab¬ 
olism  of  Pyridoxine  and  Pantothenic 
Acid  Deficient  Rats,  156 

Guild,  M.\rilyn  E.,  see  B.\rnes,  Lester 
E.,  77 

Halmi,  N.  S.  and  B.  N.  Spirtos.  Analysis 
of  the  Action  of  Propylthiouracil  on 
the  Pituitarv-Thvroid  Axis  of  Rats, 
613 

Hamerme.sz,  j.,  see  A.ssali,  N.  S.,  561 

Hayano,  Mika,  M.\rjorie  C.  Lindberg, 
M.migaret  Wiener,  H.\rris  Rosen- 
KRANTZ  AND  RaLPH  I.  DoRFMAN. 
Steroid  Transformations  by  Corpus 
Luteum  Tissue,  326 

Hechter,  O.,  see  Macchi,  I.  A.,  387 


882 


AUTHOR  INDEX 


Volume  55 


■ 


Hechter,  O.,  see  Macchi,  I.  A.,  426 
Hechter,  0.,  see  Macchi,  I.  A.,  434 
Hertz,  Roy,  see  Tullner,  William,  762 
Hillarp,  Nils-Ake  and  Bernt  HSkfelt. 
Cytological  Demonstration  of  Nora¬ 
drenaline  in  the  Suprarenal  Medulla 
under  Conditions  of  Varied  Secretory 
Activity,  255 

Hoffman,  M.  M.,  see  Moya,  F.  Hyper¬ 
glycemic  and  Glycogenolytic  Activity 
of  Preparations  from  Human  Urine, 
439 

Hoffmann,  Richard  A.,  see  Schmidt, 
Ida  G.,  125 

Hofmann,  Frederick  G.,  Ernest  Kno- 
BiL  AND  William  L.  Caton.  The  Ef¬ 
fect  of  Pregnancy  on  the  Excretion 
Water  Loads  by  Rats,  114 
Hogness,  John  R.,  see  VanArsdel,  Paul, 
332 

Hokfelt,  Bernt,  see  Hillarp,  Nils-Ake, 
255 

Howell,  David  S.,  see  Davis,  James  0., 
409 

Hume,  D.  M.,  see  Ganong,  W.  F.,  474 
Hume,  D.  M.,  see  Cowie,  A.  T.,  745 
Hyatt,  Robert  E.,  see  Davis,  James  O., 
409 

Ingle,  Dwight  J.,  see  Bondy,  Philip  K., 
354 

Island,  Donald,  see  Liddle,  Grant  W., 
575 

Johnson,  B.  B.,  see  Axelrad,  B.  J.,  568 

Kalant,  Oriana  Josseau  and  E.  A. 
Sellers.  The  Influence  of  Age  and 
Sex  on  the  Succinoxidase  Activity  of 
the  Adrenal  Gland  of  the  Rat,  777 
Kit,  Saul,  see  Awapara,  Jorge,  186 

Kitay,  Julian  I.,  and  Mark  D.  Alt- 
schule.  Effects  of  Pineal  Extract  Ad¬ 
ministration  on  Ovary  Weight  in 
Rats,  782 

Knigge,  Karl  M.  Response  of  the  Ham¬ 
sters’  Adrenal  Cortex  to  Desoxy- 
corticosterone  Acetate,  with  Observa¬ 
tions  on  the  Kidney,  Thyroid  and 
Hypophysis,  731 

Knobil,  Ernest,  see  Hofmann,  Freder¬ 
ick  G.,  114 

Kornfeld,  Walter  and  Andrew  V. 


Nalbandov.  Endocrine  Influence  on 
the  Development  of  the  Rudimentary 
Gonad  of  Fowl,  751 

Kumagai,  L.  F.  and  T.  F.  Dougherty. 
The  Lymphocytotic  Response  as  an 
Indicator  of  Relative  Adrenocortical 
Insufficiency,  90 

Landauer,  Walter.  The  Effect  of  Estra¬ 
diol  Benzoate  and  Corn  Oil  on  Bone 
Structure  of  Growing  Cockerels  Ex- 
{losed  to  Vitamin-D  Deficiency,  686 

Lawrence,  J.  H.,  see  Contopoulos, 
A.  N.,  509 

Lawtience,  j.  H.,  see  Contopoulos, 

A.  N.,  808 

LeBrie,  S.  j.,  see  Swingle,  W.  W.,  813 

Leonard,  Samuel  L.  and  Ira  Ringler. 
Glycogenolytic  Effects  of  Epinephrine 
in  Skeletal  Muscles  of  Hypophysec- 
tomized  Rats  Treated  with  Glyco- 
pexic  Hormones,  212 

Leon.\rd,  Samuel  L.,  see  Ringler,  Ira, 
363 

Liddle,  Grant  W.,  Donald  Island, 
Jerome  Cornfield  and  Peter  H. 
Forsham.  a  Clinically  Significant 
Steroidogenic  Assay  of  Corticotropin 
(ACTH)  Administered  Extravascu- 
larly  to  Human  Subjects  and  to 
Guinea  Pigs,  575 

Lindberg,  Marjorie  C.,  see  Hayano, 
Mika,  326 

Logan,  J.  E.,  see  Riedel,  B.  E.,  219 

Lucas,  Virginia,  see  Sonenberg,  Mar¬ 
tin,  709 

Luetscher,  j.  a.,  Jr.,  see  Sala,  G.,  516 

Luetscher,  j.  a.,  Jr.,  see  Axelrad, 

B.  J.,  568 

Lyman,  Charles  P.,  see  Deane,  Helen 
Wendler,  300 

Lyons,  Wm.  R.,  see  Daane,  Thomas  A., 
191 

Macchi,  I.  A.  and  0.  Hechter.  Studies 
of  ACTH  Action  upon  Perfused  Bo¬ 
vine  Adrenals:  Corticosteroid  Bio¬ 
synthesis  in  Isolated  Glands  Max¬ 
imally  Stimulated  with  ACTH,  387 

Macchi,  I.  A.  and  O.  Hechter.  Studies 
of  ACTH  Action  upon  Perfused  Bo¬ 
vine  Adrenals:  Minimal  ACTH  Con¬ 
centration  Requisite  for  Maximal 
Glandular  Response,  426 


December,  1954 


AUTHOR  INDEX 


883 


Macchi,  I.  A.  AND  O.  Hechter.  Studies 
of  ACTH  Action  upon  Perfused  Bo¬ 
vine  Adrenals:  Duration  of  ACTH 
Action,  434 

Marmorston,  Jessie,  see  Sobel,  Harry, 

21 

Marshall,  Robert  T.  and  Smith  Free¬ 
man.  The  Effect  of  Hypothyroidism 
on  the  Development  of  Exiierimental 
Uremia,  205 

Matthews,  Renee  L.,  see  Goldzieher, 
Joseph  W.,  163 

Maxwell,  R.,  see  Swingle,  W.  W.,  813 

McHenry,  E.  W.,  see  Beare,  J.  L.,  40 

Meeks,  Robert  C.,  see  Bondy,  Philip  K., 
354 

Meites,  Joseph  and  James  T.  Sgouris. 
Effects  of  Altering  the  Balance  be¬ 
tween  Prolactin  and  Ovarian  Hor¬ 
mones  on  Initiation  of  Lactation  in 
Rabbits,  530 

Mikuta,  Eleanor  T.,  see  Thomson, 
John  F.,  232 

Miller,  Gloria  Joy,  Nancy  Antonchak 
AND  Robert  Gaunt.  Concerning  the 
Absorption  of  Desoxycorticosterone 
Trimethylacetate  from  Ti-ssue  Sites, 
361 

Mirsky,  I.  Arthur,  Marvin  Stein  and 
Gerhard  Paulisch.  The  Secretion  of 
an  Antidiuretic  Substance  into  the 
Circulation  of  Adrenalectomized  and 
Hypophysectomized  Rats  Exposed  to 
Noxious  Stimuli,  28 

Mitchell,  L.,  W.  B.  Rice  and  R.  Girerd. 
Comparative  Effects  of  Somato- 
trophic  Hormone  and  Pancreatic  Hj'- 
perglycemic  Factor  on  Body  Weight 
and  Chondrogenesis  in  the  Hypo¬ 
physectomized  Rat,  697 

Money,  William  L.,  see  Bodansky, 
Oscar,  173 

^loNEY,  William  L.,  see  Sonenberg, 
M.\rtin,  709 

Moss,  S.,  T.  R.  Wrenn  and  J.  F.  Sykes. 
Alkaline  Phosphatase,  Glycogen,  and 
Periodic  Acid-Schiff  Positive  Sub¬ 
stances  in  the  Bovine  Uterus  during 
the  Estrous  Cj’cle,  261 

Moya,  F.  and  M.  M.  Hoffman.  Hyper¬ 
glycemic  and  Glycogenolytic  Activity 
of  Preparations  from  Human  Urine, 
439 


Nalbandov,  Andrew'  V.,  see  Kornfeld, 
Walter,  751 

Nelson,  Marjorie  M.  and  Herbert  M. 
Evans.  Maintenance  of  Pregnancy  in 
Absence  of  Dietary  Protein  with 
Estrone  and  Progesterone,  543 

Olson,  Kenneth  J.,  see  B.\rnes,  Lester 
E.,  77 

Padawer,  j.,  see  Gaunt  Robert,  236 

Paschkis,  Karl  E.,  see  Abelove,  Wil¬ 
liam  A.,  637 

P.\ULiscH,  Gerhard,  see  Mirsky,  I.  Ar¬ 
thur,  28 

PicKFORD,  Grace  E.  The  Response  of 
Hypophysectomized  Male  Killifish  to 
Purified  Fish  Growth  Hormone,  as 
Compared  with  the  Response  to  Puri¬ 
fied  Beef  Growth  Hormone,  274 

PicKFORD,  Grace  E.  The  Response  of 
Hypophysectomized  Male  Killifish  to 
Prolonged  Treatment  with  Small 
Doses  of  Thyrotropin,  589 

Pinkham,  Barbara,  see  Crawford,  John 
D.,  521 

Pinkham,  Barbara,  see  Crawford,  J.  D., 
699 

PURVES,  H.  D.  AND  W.  E.  Griesbach. 
The  Site  of  Follicle  Stimulating  and 
Luteinizing  Hormone  Production  in 
the  Rat  Pituitary',  785 

Raffelt,  Edw'.\rd,  see  Tullner,  Wil¬ 
liam,  762 

Ratliff-Rayford,  Claudia.  Effect  of 
Thyroxin  Treatment  on  the  Dissimi¬ 
lation  of  DL-Alanine-C*^  By  Kidney 
and  Liver  Homogenates,  696 

Renzi,  a.  a.,  see  Gaunt,  Robert,  236 

Rice,  W.  B.,  see  Mitchell,  L.,  697 

Riedel,  B.  E.,  J.  E.  Logan  and  R.  J. 
Rossiter.  Phosphorus  Metabolism  of 
the  Adrenal  Gland:  Effect  of  Hypo- 
physectomy  and  Administration  of 
ACTH  on  the  Incorporation  of  Radio¬ 
active  Phosphate  into  Phospholipid, 
219 

Rinehart,  James  F.,  see  Farquh.\r, 
Marilyn  Gist,  857 

Ringler,  Ira,  see  Leonard,  Samuel  L., 
212 

Ringler,  Ira  and  Samuel  L.  Leonard. 
Effects  of  Hormones  on  the  Co- 


884 


AUTHOR  INDEX 


Volume  oo 


enzyme  A  C'oncentration  in  Rat 
Liv'er,  363 

Roberts,  Sidney,  see  Slushek,  Mar¬ 
garet  A.,  245 

Robinson,  T.  J.  Tiie  Necessity  for  Pro¬ 
gesterone  with  Estrogen  for  the  Induc¬ 
tion  of  Recurrent  Estrus  in  the  Ovari- 
ectomized  Ewe,  403 

Rodriguez,  Ricardo  R.  Alloxan  Diabetes 
in  the  Rat:  Recovery  Following  Es¬ 
trogen  Treatment,  1 

Rogers,  Ruth  T.,  see  Burdick,  H.  ().,  369 
Rosenkrantz,  Harris,  see  Hayano,  Mika, 
326 

Rossiter,  R.  J.,  see  Riedel,  B.  E.,  219 
Rudolph,  Guilford  G.  and  Willard  R. 
Starnes.  The  Effect  of  Testosterone 
on  Water  Distribution  of  Secondary 
Sex  Glands  of  Male  Rats,  682 

Sala,  G.  and  j.  a.  Luetscher,  Jr.  The 
Effect  of  Sodium- Retaining  Corticoid, 
Electrocortin,  Desoxycorticosterone, 
and  Cortisone  on  Renal  Function  and 
Excretion  of  Sodium  and  Water  in 
.■Vdrenalectomized  Rats,  516 
Salgado,  E.  Effect  of  Thyroidectomy  on 
Hypertension,  Nejihrosclerosis  and 
Cardiac  Lesions  Produced  by  Desoxy¬ 
corticosterone  Acetate  (DCA)  Treat¬ 
ment  in  the  Rat,  377 

Salgado,  Ernesto  and  Hans  Selye.  The 
Production  of  Hyjiertension  Nephro¬ 
sclerosis  and  Cardiac  Lesions  by 
Methylandrostenediol  Treatment  in 
the  Rat,  550 

S.\NTISTEBAN,  GeORGE  A.,  J.  Z.  BoWERS 
AND  T.  F.  Dougherty.  Influence  of 
Cortisone  on  the  ^lortality  of  X-Irra- 
diated  Adrenalectomized  Mice,  794 
Sayers,  George,  see  Sydnor,  Katherine 
L.,  621 

ScH.\LLY,  A.  V.,  see  Elliott,  H.,  721 
Schmidt,  Ida  G.  and  Richard  A.  Hoff¬ 
man.  Effects  of  ACTH  on  Pregnant 
Monkeys  and  Their  Offspring,  125 
Schofield,  Brenda  M.  The  Influence  of 
Estrogen  ami  Progesterone  on  the 
Lsometric  Tension  of  the  Icterus  in  the 
Intact  Rabbit,  142 

Schonbaum,  E.,  see  Elliott,  F.  H.,  721 
ScHWEiZER,  Malvina.  Delayed  Eosino- 
penic  Response  of  the  Guinea  Pig 


Following  Injection  of  Epinejihrine, 
116 

Scow,  Robert  O.,  see  Boas,  Norman 
14S 

Scow,  Robert  O.  Effect  of  Thyroxine  on 
the  Weight  and  Composition  of  Mus¬ 
cle,  Pelt  and  Other  Tissues  in  Young 
Hypophysectomized  Rats,  344 

Scow,  Robert  0.,.see  Wollman,  Sey¬ 
mour  H.,  82S 

Scow,  Robert  O.,  see  Wollman,  Sey¬ 
mour,  H.,  837 

Sellers,  E.  A.,  see  Kalant,  Oriana  Jos- 
SEAU, 777 

Selye,  Hans.  Simultaneous  Relative 
Hyper-  and  Hypocorticoidism  in  Dif¬ 
ferent  Regions  of  the  Same  Individual, 
105 

Sely'e,  Hans,  see  Salgado,  Ernesto,  550 

Sgouris,  James  T.,  see  Meites,  Joseph, 
530 

Shaffner,  C.  S.,  see  Conner,  Mark  IL, 
45 

Shelesny’ak,  M.  C.  The  Action  of  Selected 
Drugs  on  Deciduoma  Formation,  85 

Shellabarger,  C.  j.  Effects  of  Cortisone 
on  Thyroid  Function  in  White  Leg¬ 
horn  Cockerels,  100 

SiLBERBERG,  M.'VRTIN,  See  SiLBERBERG, 

Ruth,  535 

SiLBERBERG,  IlUTH  AND  MaRTIN  SiLBER¬ 
BERG.  Radio-iodine  Induced  Athyroid 
Joint  Disease  in  Mice  of  Different 
Strains,  535 

Simpson,  S.  A.,  see  Speirs,  R.  S.,  233 

Simpson,  M.  E.,  see  Contopoulos,  A.  N., 
509 

Simpson,  M.  E.,  see  Contopoulos,  A.  N., 
808 

Skelton,  Floyd  R.  The  Influence  of  3- 
Methylglucose  on  the  Hypertension 
and  Cardiovascular-Renal  Changes 
Elicited  by  Desoxycorticosterone  Ace¬ 
tate  in  the  Rat,  288 

Slu.sher,  Margaret  A.  and  Sidney  Rob¬ 
erts.  Fractionation  of  Hypothalamic 
Tissue  for  Pituitary-Stimulating  Ac¬ 
tivity,  245 

Slusher,  Marg.\ret  A.  The  Influence  of 
the  Pituitary- Ad  renal  ^lechanism  on 
the  Action  of  Lithospermum-Ruderale, 
466 

Smith,  Freeman,  see  Marshall,  Robert 
T.,  205 


December,  19o/f 


AUTHOR  INDEX 


885 


Smith,  Philip  K.  ('ontinuation  of  Preg- 
nancy  in  Rhesus  Monkeys  Following 
H  y  poph  y seeto  my ,  (>55 
SoBEL,  Hakry  and  Jessie  Makmohston. 
The  Effect  of  Cortisone  on  the  Col¬ 
lagen  and  Hexosamine  Content  of  the 
Skin  and  Femurs  of  One  Year  Old 
Rats,  21 

SoNENBERG,  MaRTIN,  WiLLIAM  L.  MoN- 
EY,  Jean  F.  Dorans,  Virginia  Lucas 
AND  Louise  Bourque.  The  Distribu¬ 
tion  of  Radioactivity  in  the  Tissues 
of  the  Rat  after  the  Administration 
of  Radioactive  Orowth  Hormone 
Preparations,  709 

Speirs,  R.  S.,  S.  a.  Sumpson  and  J.  F. 
Tait.  Certain  Biological  Activities  of 
Crystalline  Electrocortin,  233 
Spirtos,  B.  N.,  see  Halmi,  X.  S.,  613 
Stafford,  Robert  O.,  see  B.arnes,  Les¬ 
ter  E.,  77 

St.arnes,  Willard  R.,  see  Rudolph, 
CfUiLFORD  (1.,  see  682 
Stein,  M.\rvin,  see  Mirsky,  I.  Arthur,  28 
Stein,  Jerome,  see  Batts,  Adrienne  A., 
456 

Stevenson,  Anne,  see  Bartlett,  P.vul 
1).,  200 

Sturtevant,  M.,  see  Tho.mpson,  R.  Q., 
665 

Swingle,  W.,  R.  ^Iaxwell,  M.  Ben, 
C.  Baker,  S.  J.  LeBrie  and  ^L  Eis- 
LER.  A  Comparative  Study  of  Aldo¬ 
sterone  and  Other  Adrenal  Steroids  in 
Adrenalectomized  Dogs,  813 ttl* 
Sydnor,  K.atherine  L.  and  George 
S.AYERs.  Blood  and  Pituitary  ACTH 
in  Intact  and  Adrenalectomized  Rats 
after  Stress,  61 1 
Sykes,  J.  F.,  see  Moss,  S.,  261 

Tait,  J.  I\,  .see  Speirs,  R.  S.,  233 


Thole,  Lou  C.,  see  B.\rnes,  Lester  E., 
77 

Tho.mpson,  R.  Q.,  M.  Sturtevant,  O.  D. 
Bird  and  A.  J.  Gl.azko.  The  Effect  of 
Metabolites  of  Chloramphenicol 
(Chloromj’cetin)  on  the  ThjToid  of 
the  Rat,  665 

Thomson,  John  F.  and  Eleanor  T. 
Mikuta.  The  Effect  of  Corti.sone  and 
Hydrocortisone  on  the  Tryptophan 
Peroxidase-Oxidase  Activity  of  Rat 
Liver,  232 

Tullner,  William,  Roy  Hertz  and  Ed¬ 
ward  Raffelt.  a  Comparison  of  the 
Biological  Action  of  Allopregnane- 
21-ol-3,20-dione  Acetate  and  Proges¬ 
terone,  762 

VanArsdel,  Paul,  John  R.  Hogness, 
Robert  H.  Williams  and  Neil 
Elgee.  Comparative  Distribution  and 
Fate  of  I'^*-Labeled  Thyroxine  and 
Triiodothyronine,  332 

Van  Dyke,  D.  C.,  see  Contopoulos, 
A.  N.,  509 

Wiener,  M.\rgaret,  see  H.ayano,  Mika, 
326 

Williams,  Robert  H.,  see  VanArsdel, 
Paul,  332 

Wollman,  Seymour  H.  and  Robert  O. 
Scow.  Dependence  of  Ratio  of  Radio¬ 
iodide  Concentrations  in  Thyroid 
Gland  and  Serum  on  Serum  Iodide 
Concentration ;  With  Projiylthiou- 
racil,  828 

Wollman,  Seymour  H.,  and  Robert  O. 
Scow.  Dependence  of  Ratio  of  Radio¬ 
iodide  Concentrations  in  Thyroid 
Gland  and  Serum  on  Serum  Iodide 
Concentration:  Without  Propylthio¬ 
uracil.  837 

Wrenn,  T.  R.,  see  Moss.  S.,  261 


SUBJECT  INDEX,  VOLUME  55 


Adrenal  gland 

growth  in  the  chick,  54 
lymphocytotic  response  as  indicator  of 
relative  insufficiency,  90 
simultaneous  relative  hyper-  and  hypo- 
corticoidism  in  different  regions  of 
same  individual,  105 
effect  of  ACTH  on  size  of,  in  rats,  117 
non-effect  of  glutathione  on  ascorbic 
acid  content,  163 

utilization  of  L-alanine  following  re¬ 
moval  of,  186 

and  phosphorus  metabolism,  219 
change  in  hiberation  and  exposure  to 
cold,  300 

lesions  in  DBAX  CE  and  reciprocal  hy¬ 
brid  mice,  316 

influence  on  plasma  amino  acids  in  evis¬ 
cerate  rats,  354 

corticosteroid  synthesis  in  perfused 
glands  after  ACTH,  387 
perfusion  studies,  426,  434 
medullary  hormone  effect  on  excretion 
of  water  and  electrolytes,  448 
absence  of  stress-induced  and  “compen¬ 
satory”  hypertrophy  in  dogs  with 
hypothalamic  lesions,  474 
comparison  of  corticoids  on  renal  func¬ 
tion,  516 

fasting  ketosis  after  removal  of,  and  with 
cortisone,  593 

blood  and  pituitary  ACTH  levels  after 
stress,  621 

in  vitro  steroid  production,  micro  esti¬ 
mation,  721 

response  to  DCA,  in  hamster,  731 
hydrocortisone  effect  on  eosinopenia  in 
relation  to  trauma  after  removal  of, 
745 

succinoxidase  activity  as  influenced  by 
sex  and  age,  777 

aldosterone  compared  with  other  ster¬ 
oids  in  absence  of,  813 
Aldosterone 

biological  studies  of,  236 
bioassay  of,  in  comparison  with  other 
mineralocorticoids,  568 


action  in  dogs,  comparison  with  other 
steroids,  813  ' 

Alloxan 

diabetes  in  the  rat,  1 
Allopregnane 

comparison  of  action  with  progesterone, 
762 

Androgens 

myotrophic  and  androgenic  activity  of 
testosterone  and  nortestosterone,  77 
production  of  hypertension,  nephroscler¬ 
osis  and  cardiac  lesions  with  methyl- 
androstenediol  in  rat,  550 
Antidiuretic  hormone 
secretion  in  adrenalectomized  and  hy- 
pophysectomized  rats  exposed  to  noxi¬ 
ous  stimuli,  28 

assay  by  more  specific  response  index, 
521 

removal  from  blood  by  kidney,  699 
Assay 

of  estrogen  using  rat  uterus,  65 
of  antidiuretic  hormone,  521 
of  minerocorticoids ;  relation  of  structure 
to  activity,  568 
of  progesterone,  704 

Corpus  luteum 

steroid  transformations  by,  326 
Corticotropin 

effect  on  adrenal  size  in  hypophysecto- 
mized  rats,  117 

effects  on  pregnant  monkeys  and  off¬ 
spring,  125 

effect  on  incorporation  of  radiophos¬ 
phate  in  phospholipid,  219 
effect  on  biosynthesis  of  corticosteroids 
in  beef  adrenals,  387 
minimum  requisite  for  maximal  cortical 
biosynthesis,  426 

duration  of  action  on  perfused  adrenal 
glands,  434 

steroidogenic  assay  in  man  and  guinea 
pig,  575 

in  blood  and  pituitary  after  stress,  621 
effect  on  liver  ascorbic  acid  in  relation 
with  alcohol  intoxication,  822 


886 


December,  1954 


SUBJECT  INDEX 


887 


effect  on  ketoiiemia  and  glycemia  in  rats, 
845 

Cortisone 

effect  on  collagen  and  hexoseamine  con¬ 
tent  of  skin  and  femurs,  21 
effect  on  respiratory  activity  of  adipose 
tissue  in  vitro,  70 

effect  on  thyroid  function  in  white  leg¬ 
horn  cockerels,  100 
effect  on  exophthalmos  in  rat,  148 
effect  of  prolonged  treatment  on  rate  of 
changes  induced  in  rats,  173 
effect  on  tryptophan  peroxidase-oxidase 
activity  in  rat  liver,  232 
effect  on  coenzyme  A  concentration  in 
rat  liver,  363 

induction  of  cleft  palates  in  rabbits,  502 
and  renal  function  in  adrenalectomized 
rats,  516 

effect  on  fasting  ketosis,  593 
diabetogenic  action  compared  with 
growth  hormone,  637 
effects  of  prolonged  administration  of, 
700 

influence  on  mortality  after  x-irradia- 
tion,  794 

Deciduomata 

action  of  drugs  on  formation  of,  85 
Desoxycorticosterone 
effect  of  3-methylglucose  on  hyperten¬ 
sion  and  cardiovascular  changes  in¬ 
duced  by,  288 

absorption  of  trimethylacetate  from 
tissue  sites,  361 

effects  on  early  pregnancy,  369 
effect  of  thyroidectomy  on  the  cardio¬ 
vascular  pathology  induced  by,  377 
metabolic  competition  with  strophan- 
thin-G  in  rat,  417 

effect  on  hamster  adrenal  cortex,  731 
Diabetes 

with  alloxan  and  recovery  following 
estrogen  treatment,  1 

Electrocortin 

certain  biological  activities  of,  233 
biological  studies  of,  236 
Epinephrine 

delayed  eosinopenic  response  following 
injection  of,  116 

effect  on  glycogenolysis  in  skeletal 
muscle  of  hypophysectomized  rats 
treated  with  glycopexic  hormones,  212 


Estrogen 

assays  using  the  rat  uterus,  65 
infertility  following  treatment  early  in 
life,  114 

influence  on  isometric  tension  in  rabbit 
uterus,  142 

effect  on  bone  structure  of  chicks  with 
vitamin-D  deficiency,  686 

Gonads 

relation  of  activity  to  endocrine  gland 
size  and  resistance  to  stress,  45 
endocrine  influence  on  development  of 
rudimentary  gonad  of  fowl,  751 

Growth  hormone 
in  B  vitamin  deficiencies,  40 
effect  on  protein  metabolism  in  fasting 
dog,  200 

response  of  hypophysectomized  killifish 
to  fish  and  beef  GH,  274 
effect  of  coenzyme  A  concentration  in 
rat  liver,  363 

effect  on  muscle  potassium  and  extra¬ 
cellular  fluid,  456 

diabetogenic  action  compared  with  cor¬ 
tisone,  637 

and  hyperglycemic  factor,  effects  on 
body  weight  and  chondrogenesis,  697 
distribution  in  tissues  using  radioactive 
preparations,  709 

Hibernation 

and  changes  in  body  temperature,  thy¬ 
roid  and  adrenal  cortex,  300 

Hydrocortisone 

and  eosinopenic  response  of  dogs  with 
and  without  trauma,  745 

Hypothalamus 

fractionation  of  tissue  for  pituitary- 
stimulating  activity,  245 

Lithospermum  ruderale 

influence  on  pituitary-adrenal  mecha¬ 
nism,  466 

Mammary  gland 

effect  of  estrone,  progesterone  and  pitui¬ 
tary  mammotropin  on  castrated  male 
mice,  191 

prolactin-ovarian  hormone  balance  and 
induction  of  lactation,  530 

Neurohypophysis 

disulfide  groups  in,  under  normal  and 
experimental  conditions,  484 


m 


SUBJECT  INDEX 


Volume  55 


Noradrenaline 

cytological  demonstration  in  adrenal 
medulla,  255 

Ovary 

lesions  in  mice  of  special  strains,  316 
hormones  with  prolactin,  effect  on  in¬ 
duction  of  lactation,  530 
effect  of  pineal  extracts  on  weight  of,  782 

Pancreas 

insulin  effect  on  respirator}'  activity  of 
rat  adipose  tissue,  70 
hyperglycemic  and  glycogenolytic  activ¬ 
ity  of  urine  extracts,  439 
hyperglycemic  factor  and  growth  hor¬ 
mone  in  relation  to  chondrogenesis, 
697 

Parathyroids 

role  of  kidney  in  their  control  of  blood 
calcium,  166 
Pineal  gland 

extract  effect  on  ovarv  weight  in  rats, 
782 
Pitressin 

effect  of  chronic  treatment  on  electro¬ 
lyte  metabolism  in  dogs,  409 
Pituitary  gland 

ablation  anemia  compared  with  multiple 
endocrinectomies,  509 
and  thyroid  influence  on  the  harderian 
glands,  601 

corticotropin  content  after  stesss,  621 
ablation  in  pregnant  monkeys,  655 
site  of  FSH  and  LH  production  in  rat, 
785 

erythropoietic  factor,  action  of,  808 
cytologic  alteration  after  thyroidec¬ 
tomy  :  electronmicroscopy,  857 
Placenta 

adrenocorticotropic  substances  in  hu¬ 
man,  561 
Pregnancy 

effect  on  excretion  of  water  load,  114 
ACTH  effect  in  monkey  during,  125 
as  effected  by  desoxycorticosterone,  369 
maintenance  in  absence  of  dietary  pro¬ 
tein  with  ovarian  hormones,  543 
continuation  in  monkey  after  hypo- 
physectomy,  655 
Progesterone 

effect  on  isometric  tension  in  rabbit 
uterus,  142 


effect  on  castrated  male  mice,  191 
role  in  vaginal  changes  in  ovariecto- 
mized  rats,  230 

necessity,  with  estrogen  for  induction  of 
estrus  in  castrate  ewe,  403 
bio-assay,  specificity  tests,  704 
comparison  of  action  with  allopregnane- 
21-ol-3,  20-dione,  762 

Steroids 

influence  on  oxidation  of  alpha-keto 
acids,  10 

transformations  by  corpus  luteum  tis¬ 
sue,  326 

assay  of  ACTH  in  human  being  and 
guinea  pig  by  output  of,  575 
micro  estimation  of,  as  produced  by 
adrenal  in  vitro,  721 

comparison  of  action  in  adrenalecto- 
mized  dogs,  813 

Testosterone 

comparison  with  1 9-nortestosterone  as 
to  effect  on  myotrophic  and  andro¬ 
genic  activities,  77 

effect  on  water  distribution  in  male  ac¬ 
cessory  sex  glands,  682 

Thyroid  gland 

effect  of  altered  activity  on  endocrine 
glands  and  resistance  to  stress,  45 
growth  of,  in  chick,  54 
apparent  exophthalmos  following  re¬ 
moval  of,  1 48 

effect  of  hypofunction  on  development 
of  uremia,  205 

comparative  distribution  and  fate  of 
I'^‘-labeled  thyroxine  and  triiodo¬ 
thyronine,  332 

effect  of  thyroxin  on  weight  and  com¬ 
position  of  body  tissues,  344 
thvroxin  effect  coenzyme  A  in  rat  liver, 
363 

effect  of  removal  on  cardiovascular 
changes  induced  by,  377 
joint  disease  in  mice  after  radio-iodine 
induced  athyroidism,  535 
effect  on  harderian  glands  in  rat,  601 
analysis  of  action  of  propylthiouracil  in 
rats,  613 

as  effected  by  metabolites  of  chlor¬ 
amphenicol,  665 

thyroxin  action  on  dissimilation  of  DL- 
alanine-l-C*^  by  kidney  and  liver 
homogenates,  696 


December,  1954 


SUBJECT  INDEX 


8S9 


(luiuititutive  separation  of  iodiiiatcd 
amino  acids  from,  768 
tiependence  of  ratio  of  radio-iodide  in 
thyroid  and  serum  on  serum  iodide 
concentration  with  and  without  pro¬ 
pylthiouracil,  828,  837 
cytologic  alterations  in  pituitary  fol¬ 
lowing  removal  of,  857 
Thyrotropin 

effect  of  prolonged  treatment  on  hypo- 
physectomized  killifish,  589 

Urinary  preparations 

hyperglycemic  and  glycogenolytic  activ¬ 
ity  in,  439 


Uterus 

estrogen  influence  on  isometric  tension 
in  rabbit,  142 

histochemistry  during  estrous  cycle  in 
cow,  261 

lesions  in  mice  of  special  strains,  316 
Water  metabolism 

excretion  of  water  load  during  preg¬ 
nancy,  114 

studies  of  pyridoxine  and  pantathenic 
acid  deficient  rats,  156 

effect  of  medullary  hormones  on,  448 


LABORATORY  AIDS  IN 
ENDOCRINE  DIAGNOSIS 


ROBERTO  F.  ESCAMILLA,  M.D. 

Associate  Clinical  Professor  of  Medicine 
University  of  California 
Medical  School 

The  various  tests  are  listed,  noting 
the  principal  abnormalities  found 
in  the  presently  acknowledged  en- 
docrinopathies.  Also: 

DISEASE  INDEX 

listing  the  various  endocrine  dis¬ 
eases  and  collecting  under  these 
headings  appropriate  laboratory 
findings. 

The  tests  listed  are  those  which  have 
proved  to  have  some  clinical  value, 
plus  a  few  that  seem  particularly 
promising. 

*  These  tests  can  be  most  helpful  and 
even  definitive  in  diagnosis 

*  These  tests  may  also  be  helpful  in 
checking  the  results  of  treat¬ 
ment 

*  These  laboratory  studies  increase 
our  knowledge  about  physiolog¬ 
ical  changes  in  several  of  the 
endocrine  diseases — thus  embel¬ 
lishing  and  clarifying  the  clini¬ 
cian’s  understanding  of  the  patient 
and  hb  disease. 

A  Monograph  in 
AMERICAN  LECTURES 
IN  ENDOCRINOLOGY 

168  pages  21  illustrations 

Sent  on  approval,  $4.75,  postpaid 

CHARLES  C  THOMAS 
PUBLISHER 

Springfield,  Illinois 


Mail  this  form  to  Charles  C  Thomas 
•  Publisher  •  Springfield  •  Illinois 
and  you  will  receive  your  copy  im¬ 
mediately. 


Ju,l  off  P. 


TRANSACTIONS  OF 
THE  AMERICAN  GOITER 
ASSOCIATION— 1953 


Complete  the  form  below  and  we 
will  send  you  one  copy  of  Trans¬ 
actions  of  the  American  Goiter  As¬ 
sociation  ($13.50,  440  pages,  145 
illustrations),  for  ten  days  free  in¬ 
spection  approval,  postage  prepaid 
and  delivery  guaranteed. 


Address 


A  few  copies  of  the  1948,  1949, 
i950»  t95if  and  1952  Transactions 
are  still  available  on  the  same  terms. 


Check  the  issues  you  want  sent: 

□  1948—320  pp.,  100  illus.,  $6.50 

□  1949—476  pp.,  160  illus.,  $10.50 

□  1950-455  PP-.  198  illus.,  $11.50 

□  1951—525  pp.,  222  illus.,  $12.50 

□  1952—446  pp.,  159  illus.,  $12.50 

□  1953—440  pp.,  145  illus.,  $13.50 


crystalline-pure 


uniformly  active 


FOR 


urate  Cbntrol 

/  \ 

of  thyrofld  dosage,  prescribe  — 

f 

f 

0ynthraitf® 

I  (Crystalline  Na-L-thyroxine) 

j  il!l  ih  H* 


uniformly  absorbed 

r 

a  single  ^substance 


Because  Synlhroid  tablets  contain  only  the 
active  principle  of  the  thyroid  gland, 
individualized  dosage  can  now  be  accurately 
determined  and  maintained 

Available  in  bottles  of  100  tablets  (scored) 
in  0.05,  0.1  and  0.2  mg.  strengths 


fr  ^ee  san^fe|  !nere/y  write  "Synthroid"  J 
jin  your  Rx  and  mail  la —  ^ 


TRAVENOL  LABORATORIES,  INC. 


Subsidiary  of  Baxter  Laboratories,  Inc. 
MORTON  GROVE,  ILLINOIS 


